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ABSTRACT 
Optimization of Ranch Management Alternatives in Utah 
by 
Scott G. Evans, Doctor of Philosophy 
Utah State University, 1992 
Major Professor: Dr. John P. Workman 
Department: Range Science 
xi 
The purpose of this study was to determine the optimum 
combination of various cattle production, range forage, and 
crop harvesting alternatives available to ranch owners and 
managers in Utah. While many promising alternatives are 
available, determining which alternatives to implement is 
difficult because the total 
considered. 
ranch operation must be 
Linear programming (LP) is a tool available to ranch 
managers which allows the profit maximizing combination of 
improvements to be easily determined. LP allows ranchers to 
examine the entire ranch operation and to reduce the amount of 
risk and uncertainty involved in the decision making process. 
The typical Utah ranch operation was described from a 
sample of 96 Utah ranches. Sixteen potential cattle options, 
11 range forage options, and 3 crop options were developed to 
improve net variable cash ranch income of the typical Utah 
ranch. An LP model was developed to determine the optimum 
combination and level of options, the most efficient options, 
and the limiting constraints. 
site and brush infestation 
flexibility to the model. 
xii 
Four scenarios based on range 
type were compared to add 
The optimal solution ran 266 brood cows under the 
O'Connor Management System (cows in moderate body condition at 
calving, 60-day calving season, 48-hour calf removal, cows 
gaining weight for 5 weeks starting 2 weeks before breeding 
season, and cows bred to fertile bulls) compared to 196 brood 
cows under the typical situation. In all optimization runs, 




infestations on crested 
foothill ranges was 




economically efficient crop option was the combination of 
grazing the grass hayfields and custom harvesting the alfalfa 
hayfields. It was necessary to construct stock water ponds 
and properly distribute salt to increase summer forage 
availability. The optimum combination of improvements 
required 808 hours of hired labor. The net variable cash 
ranch income after burning sagebrush or pinyon-juniper types 
was $56,145 and $55,861, respectively, compared to $31,278 for 
the typical Utah cow-calf operation. The optimal solution 
will change as input and product prices change. The model was 
not designed to make general recommendations but to be applied 
to specific ranching operations. 
(184 pages) 
INTRODUCTION 
Ranch owners and managers are concerned about the ever 
increasing costs of production and the unpredictability of net 
financial returns (often low and sometimes negative). 
Environmental concerns often add to the uncertainty of 
success. Managers desire not only to maximize profits, but to 
improve the resource as well. Many potentially promising 
improvement projects are often curtailed by the high cost of 
implementation, the uncertain and/or low return rates, and 
possible effects on the environment. 
Nature of the Problem 
Ranch improvement projects have traditionally been 
economically evaluated on a case by case basis. It is 
difficult for ranch managers to determine which of several 
economically feasible improvement projects is the most 
economically efficient to implement and results in the highest 
net ranch return. Analysis and comparison among proposed 
improvements must proceed from the perspective of the "total 
ranch" (White 1988) and must include the best possible uses of 
time, funds, and other resources available. White et al. 
(1988, p. 3) defined total ranch management as "the balancing 
of resource uses for the best and highest ranch benefits, 
directing ranch change, and maintaining diversity and 
flexibility to meet future consumer demands." 
2 
Often improvement projects are initiated because spring 
range is viewed as being the limiting constraint in year-long 
animal carrying capacity (Banner 1981). Increased and earlier 
crested wheatgrass (Agropyron desertorum) production have 
substantially contributed to improved net ranch returns. 
However, they have been found to contribute much less than 
more efficient calf production and haying operations (Dickie 
and Workman 1987). Therefore, economic analysis of range 
improvements must be completed on a "total ranch basis" 
because other aspects of ranch management are often more 
limiting to total ranch production than the improvements in 
question. 
Recently, there has been considerable national interest 
in "low input sustainable" or "alternative" agriculture. The 
U.S. Department of Agriculture (1988, p. 1) stated that the 
goals of its Low Input Farming Systems Research and Education 
Program are "to enhance long-term sustainability, 
profitability, and competitiveness of U.S. agriculture while 
reducing water pollution and human health hazards associated 
with excessive use of synthetic chemical pesticides and 
fertilizers." Applying low input sustainable agriculture 
(LISA) concepts to ranch management and range livestock 
production might involve the reduced use of fossil fuels and 
harvested feeds. Examples include subs ti tu ting winter grazing 
for harvested feeds by utilizing strip grazing with New 
Zealand electric fence or substituting bunch raked hay for 
baled hay (Turner and Angell 1987). Another, more 
3 
traditional, improved range management practice is a more 
uniform grazing pattern through better livestock distribution. 
A simulation experiment performed by Senft (1988) indicated 
that short duration grazing (SDG) permitted higher stocking 
rates than those prescribed under conventional season-long 
grazing. Although herbage production was lower under SDG, 
more intense stocking was made possible by more uniform 
consumption of available herbage. There is not unanimous 
agreement concerning the importance of harvest efficiency as 
an attribute of planned grazing systems (Wilson 1986, 
Heitschmidt 1988). Olson (1986) found that conception rates 
of replacement heifers subjected to SDG were lower than 
heifers under continuous grazing. Other authors have also 
suggested that the profitability of intense grazing technology 
has not yet been adequately tested (Wilson et al. 1987). 
Due to year-long breeding herd constraints imposed by 
unbalanced seasonal range forage availability, considerable 
efficiency may still be gained by practices designed to 
alleviate seasonal forage "bottlenecks" (Hewlett and Workman 
1978, Banner 1981). Additional revenue increasing and/or cost 
decreasing management practices include early turn-out of the 
cow herd on native range or crested wheatgrass pastures prior 
to calving (Turner and Angell 1987), retaining weaned calves 
for sale as yearlings (Hewlett and Workman 1978), breeding 
heifers to calve at two years of age instead of three (Bennett 
et al. 1949, Waggoner 1972, Lasley 1981, Price 1981), early 
weaning calves from first calf heifers at 4-5 months instead 
4 
of 7-8 months of age (Price 1981, Lasley 1981), purchasing 
rather than raising replacement heifers, combining purchased 
stockers with cow-calf or cow-calf-yearling operations, and 
substituting exotic cross-bred stockers for European breeds of 
stocker cattle (Walker and Wise 1987). The list of possible 
improved technologies is quite long and few ranchers could 
afford to adopt them all. Therefore, proper selection of 
alternatives is crucial. And, according to White (1988, p. 
125), "selecting the right thing to do is more important than 
doing things right." 
Economic comparisons among feasible alternatives are 
often very difficult to make because of the complexity of the 
total ranch operation. Too often comparisons are made between 
individual projects which can be misleading when the economics 
of the entire ranch are considered. Linear programming can be 
used to determine the optimum combination of improvements. 
Linear programming software for use on personal computers is 
readily available for use by ranchers, extension personnel, 
researchers, and range and ranch management consultants. 
These programs allow the optimum combination of improvements 
to be determined in a relatively short amount of time and with 
relatively little effort. 
Ranchers are seldom anxious to spend time on ranch 
inventory, planning, and optimization, although time spent 
ana1yzing the operation can be very productive. As asked by 
White et al. (1988, p. 5), "If it won't work on paper, how can 
it work in practice?"! Improved methods of making the 
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planning process simpler and more effective might give 
ranchers the incentive to spend more time planning . 
Objectives 
1 . To assess the profit potential of "low input" and other 
promising range and ranch management options and 
improvements from the standpoint of the total ranch unit. 
2. To determine the most profitable intensities and 
combinations of these improved management practices, 




In order for any business to be successful, there must be 
some type of planning procedure or mechanism used as a guide. 
In the ranching business, a useful planning tool is the ranch 
budget. Budgeting allows the manager to examine each 
enterprise of the ranch and to determine its productive and 
economic status. Several types of budgeting procedures are 
available for ranch planning. Whole farm budgeting and cash 
flow budgeting examine the entire operation, while partial 
budgeting focuses on the change in net returns from a change 
in one or several portions of the business (Kay 1986) . 
Ranch budgets are often reported as averages of a series 
of ranches that allow general relationships to be constructed 
which are applicable to much of the population in question. 
Although specific records from each individual ranch would be 
more reliable for that particular ranch, the results of the 
average ranch provide information about promising alternatives 
that should be considered at the ranch level (Banner 1981). 
The disadvantage of using averages is that important 
characteristics may be obscured because of contradicting 
observations within the sample (Workman et al. 1986). Workman 
et al. ( 1986) also point out that limitations of using 
averages may be overcome by stratifying the type and size of 
ranch operations. Workman and Hooper (1971), Christensen et 
al. (1973), Capps and Workman (1982), Banner (1981), and 
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Dickie and Workman (1987) used this procedure for ranches in 
Utah. 
Linear Programming 
Budgeting is limited in its effectiveness as a ranch 
planning tool because it allows the rancher to look at only 
one enterprise at a time. Linear programming (LP) allows one 
to determine the best combination of proposed practices by 
efficiently allocating limited resources (Jameson et al. 
1974). Total ranch management can be more effective when LP 
is used in the planning process. 
Linear programming was the result of a search for a 
technique that would solve strategic planning problems for the 
U.S. Air Force during World War II. George B. Danzig, an 
American mathematician, developed the technique and predicted 
that it might have application in other disciplines in the 
future (Dykstra 1984). 
Fundamentals of Linear Programming 
Linear programming problems can be broken into several 
components. First are the decision variables which can be 
altered in the short run, thereby affecting results (Dykstra 
1984). Examples of decision variables are number of cows or 
steers to run, number of acres to plant, or number of acres to 
fertilize. The second part of an LP problem is the objective 
function. The objective function states what is to be 
maximized or minimized. Examples of objective functions would 
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be maximization of net returns, minimization of costs, 
maximization of pounds of livestock produced, etc. Finally, 
the third part of a LP problem is the constraints . 
Constraints are limits which are placed on production, the 
importance of which can be determined by sensitivity analysis 
(Workman et al . 1986). Examples of constraints would be land, 
labor, capital, seasonal for age, etc . A special case of 
constraints is the non-nega t ivity conditions which do not 
allow a negative number of products to be produced (Dykstra 
1984). 
The Mathematical Model 












z = ~ C j x j 
j=l 
J 
~ A ;j X j (:::, = ~) B ; 
j =l 
1,2, ... ,J activities, 
1, 2, ... , I constraints, 
maximum or minimum value, 
number of decision variables, 
number of constraints, 
decision variables, 
objective function coefficient 
corresponding to variable xj, 
technological coefficient corresponding 
to variable xj in constraint i, and 
right-hand side constant for constraint 
i. 
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The LP problem implies several underlying assumptions 
that limit its applicability and makes the computations 
simpler . 
follows: 
Dykstra (1984) outlines these assumptions as 
1. The objective function and all constraints must be 
strictly linear over the domain of each activity. 
2. Each decision variable can assume any real value, 
including both integers and fractions. 
3. All activity levels must be at least equal to zero; 
negative assignments are not permitted. 
4. All coefficients and right hand side elements 
(i.e ., c j , A;j , and B; ) are assumed to be known 
constants. 
Natural Resource Applications 
The use of linear programming for natural resources 
management began in the 1950's. Peterson (1955) utilized LP 
on a mid-west .farm to maximize return to capital, labor, and 
management . Swanson (1955) combined cropping systems, cattle 
feeding, and swine production in the mid-west. Candler (1956) 
also used LP to determine farm income from different crops 
while varying levels of capital. Linear programming was used 
by Brown (1961) to estimate rates of return from range 
improvements. The "optimum site problem," presented by Van 
Dyne ( 1966), outlined the optimum protein production on a 
foothill range using LP. Nielsen et al. (1966) first used LP 
in federal grazing policies. 
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A general deterministic LP model used for the optimum 
allocation of range resources among competing uses was 
developed by D'Aquino (1974). The model maximized net income 
utilizing varying levels of supplemental feed. 
Linear programming was used by Hewlett and Workman (1978) 
to develop optimum livestock marketing schemes for typical 
Utah ranches running 150 and 300 brood cows. Capps (1980) 
used LP on two Utah ranch sizes to determine "present optimal 
livestock management schemes, optimal land use allocation, and 
optimal combinations of range improvements." Banner (1981), 
identif i ed optimum strategies that would maximize long term 
net return. Dickie (1986) used LP to determine the net income 
effect of short duration grazing for different types of Utah 
ranching operations, and Cohen (1991) determined maximum net 
return for various combinations and production levels of deer 
and livestock enterprises in central and south Texas. 
Other forms of LP used in natural resources are: s e r ial 
programming, integer programming, and multi-objective or goal 
programming. Serial programming allows the movement of 
residual resources among management periods. Bartlett et al. 
(1974) and Davis (1967) used this type of programming for 
range forage allocation and white-tailed deer herds, 
respectively. Integer programming rejects the divisibility 
assumption and forces some or all of the decision variables to 
be integers. Nautiyal et al. (1975) used this technique for 
land use planning. Multi-objective or goal programming allows 
more than one objective to be solved simultaneously (Dykstra 
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1984). An example of goal programming may occur when a 
rancher wants to maximize economic returns to grazing 
management while simultaneously minimizing soil loss. Bottoms 
and Bartlett (1975) and Bartlett and Clawson (1978) used this 
LP method to examine the allocation of scarce resources and 
segments of the ranching enterprise, respectively. 
Chance-constrained programming was used by Hunter et al. 
(1976) to analyze optimal stocking level based on uncertain 
forage production. Whitson et al. (1982) examined the impact 
of grazing systems on stability and risk of range income. 
Williams ( 1982) applied optimal control theory in natural 
resource management as an optimization technique. Optimal 
control theory in renewable resources is discussed extensively 
by Clark (1976). 
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METHODS AND PROCEDURES 
Data Base 
Interview data from five previous studies were used in 
order to obtain a large, dispersed sample of Utah cattle 
ranches. Ranch structures, inventories, and budgets were 
constructed by Capps (1980) and Banner (1981) on ranches 
throughout Utah. These survey data were collected on 61 
cattle ranches as part of Utah Agricultural Experiment Station 
Project 772, all of which were used in the data base. Capps 
and Workman (1980) interviewed 25 ranchers from the Oak Creek 
Mountain Area, Millard County, Utah. Of these 25 interviews, 
11 were used in the data base. The original MX missile system 
environmental impact survey interviewed 65 ranchers (Resource 
Concepts 1980). Of these 65 interviews, 11 were used in the 
data base . Dickie (1986) conducted 19 interviews with 
ranchers in west central Utah as part of Utah Agricultural 
Experiment Station Project 780, 13 of which were used in the 
data base. 
Data have been obtained from a total of 170 Utah ranches. 
Of these 170 ranches, 96 were used in the formation of a ranch 
profile (Appendix A). The remainder of the ranches were not 
used because of incompleteness and/or inaccurate findings 
within the data (e.g., the major source of income was not 
derived from a 100-300 brood cow operation). From the 96 




The costs and returns from the five data sets were 
indexed to 1990 constant dollar values so they could be 
compared. The values were indexed using the United States 
Forest Service (USFS) and the Bureau of Land Management (BLM) 
procedure for computing public land grazing fees. 
Revenues 
Ranch revenues were indexed using the Beef Cattle Price 
Index (BCPI). The BCPI is calculated from cattle prices 
gathered by the USDA's Statistical Research Service (SRS). 
The SRS collects cattle prices received by producers from 35 
states (USDA-FS\USDI-BLM 1986). The western state price is 
determined by weighting each of the eleven western states 
price by the total live weight of livestock marketed. The SRS 
data used in the grazing fee formula is based on the actual 
transactions for the November through October period (USDA-
FS\USDI-BLM 1986). The annual price is then converted to an 
index number by dividing the price by $22. 04 per hundredweight 
(the average beef cattle price for 1964-1968) and multiplying 
by one hundred (Thorp and Holden 1984). The values used for 
indexing revenues were determined by dividing the 1990 BCPI 
values by the BCPI value for the year in question. 
Expenses 
Ranch expenses were indexed using 
Improvement Act ( PRIA) Prices Paid Index 
the Public Range 
(PPI). The PPI 
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comes from prices that producers of livestock pay for selected 
production items (USDA-FS\USDI-BLM 1986). These items are 
selected components of the National Index of Prices Paid by 
Farmers (Thorp and Holden 1984). 
The BCPI and PPI indexes used 1964-1968 as the base year. 
Values used for indexing ar E found in Table 1. The index 
values for the period 1964 - 1987 were taken from Torell et 
al. (1989). The index values for 1988-1990 were taken from 
Agricultural Prices (USDA-NASS 1989, USDA- NASS 1990a, USDA-
NASS 1990b) . Values used for indexing expenses were 
determined by dividing the 1990 PPI values by the PPI value 
for the year in question. 
Real Estate 
Real estate values for land, buildings, and improvements 
were indexed to 1990. The all farm real estate index values 
were taken from USDA/ERS (1985) and USDA/ERS (1991). Table 2 
shows the index values for the period 1960-1991 with a base 
year of 1977. 
Objective One 
A variety of low input and other promising range and 
ranch management options were analyzed in comparison with the 
typical Utah cow-calf operation. Adjustments to the typical 
Utah ranch income statement were then made for each option 
implemented, based on the literature available for each 
option. Gross margin analysis was employed and added net 
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Table 1. Beef cattle price index (BCPI) and prices paid index 
(PPI) for base years 1964-1968 8 • 
Beef Cattle Prices Paid 
Data Price Index Index 
Year (BCPI)b (PPI)c 
Indexes for Base Years 
1964-68 100 100 
Indexes for 1964-1990 
1964 87 95 
1965 94 97 
1966 104 99 
1967 105 103 
1968 109 107 
1969 123 113 
1970 127 118 
1971 134 124 
1972 167 130 
1973 195 140 
1974 178 168 
1975 160 198 
1976 164 215 
1977 163 230 
1978 216 246 
1979 294 275 
1980 291 319 
1981 268 359 
1982 262 378 
1983 256 387 
1984 262 395 
1985 243 397 
1986 235 388 
1987 272 381 
1988 297 386 
1989 306 402 
1990 326 419 
a Source: Torell et al. (1989) and USDA,NASS (1989, 1990a, 
1990b). 
b The annual beef cattle price divided by the 1964-68 base 
beef cattle price of $22. 04/cwt. and multiplied by 100 to 
convert to an index number . 
c Index of prices paid by farmers and ranchers for inputs 
needed for beef production from November through October of 
the data year and weighted to reflect beef production in the 
11 Western States as reported by the Statistical Reporting 
Service. 
Table 2. Index of changes in Utah real estate values for 
land, buildings, and improvements (base year 1977=100) 8 • 

































a Values derived from USDA/ERS (1985) and USDA/ERS (1991). 
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returns above variable costs were compared to required added 
investment to test economic feasibility of various options. 
The list of options and improvements analyzed include: 
I. Cattle 
A. Calves 
1. Sell all excess calves at weaning. 
2. Retain weaned calves to be sold as yearlings. 
B. Stocker steers 
1. Retain all steer calves to be sold as 
yearlings. 
2. Purchase steers to be sold as yearlings. 
3. Purchase steers from terminal sires to be sold 
as yearlings. 
C. Replacement heifers 
D. 
E. 
1. Purchase replacements instead of raising them 
on the ranch. 
2. Keep excess replacements and cull those that 
fail to settle after the breeding season. 
3. Early wean calves from replacements at four or 
five months to reduce nutritional stress and 
increase conception rates. 
4. Breed replacements to calve at age three 








Apply the O'Connor Management System (Anderson 
et al. 1986) on all cows. 
Early wean calves at four or five months to 
maintain body condition. 
Rent all breeding bulls to reduce ranch costs. 
Breed terminal sires to 60 percent of the cow 
herd and raise own replacement heifers. 
Breed terminal sires to all cows and purchase 
replacement heifers. 
II. Range forage 
A. Alleviate spring forage bottlenecks 
1. Revegetate poor condition range sites with 
crested wheatgrass. 
2. Control sagebrush and pinyon-juniper by 
burning or chemical means. 
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B . Livestock distribution 
1 . Proper water placement. 
2. Proper salt placement. 
3. Herding. 
4. Short duration grazing instead of other 
grazing techniques (i.e. continuous, rest-
rotation, deferred rotation, etc.). 
III. Crops 
A . Custom harvest hay crops instead of harvesting them 
with ranch owned machinery. 
B . Purchase hay instead of producing it on the ranch . 
C. Substitute bunch raked hay for baled hay. 
D. Substitute winter 
processed feeds . 
grazing 
Obj ective Two 
for supplementing 
Few ranchers could afford to adopt all technologies 
listed above. The second objective determined the net revenue 
maximizing intensities and combinations of improved management 
options for the typical Utah cow - calf operation and provided 
a prioritized list of options the rancher should adopt. In 
addition to identifying the optimum, the goal of objective two 
is to provide a "roadmap " of how to reach the optimum . Again, 
as stated by White (1988) "selecting the right thing to do is 
more important than doing th i ngs right." 
Data were compiled in spreadsheet format using Lotus 1-2-
3 (Lotus Development Corporation 1985). The spreadsheet data 
were then converted into a linear programming format using 
Lotus Lindo Connection (Booker 1987). The linear 
programming solution package used for optimization in this 
study was LINGO, made by LINDO Systems, Inc. (LINDO Systems, 
Inc. 1991). 
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Linear programming can also point out possible 
combinati on s of improvements where an additive effect may 
occur. Such effects would increase the added net return above 
variable costs more than if the two options were completed 
separately. 
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RESULTS AND DISCUSSION 
Typical Utah Ranch Profile 
The ranch profiles contained in the data set were used to 
construct the typical Utah ranch. A total of 96 individual 
ranch operations were combined to form the aggregate ranch 
profile. The profile includes only ranches running between 
100 and 300 brood cows. 
Herd Composition 
The typical Utah ranch runs 196 brood cows with a 14 
percent heifer replacement rate (27 heifers). Replacements 
(31 head) are bred at approximately 14 months of age in order 
to have their first calf at the age of two. The conception 
rate of the heifers is 86 percent (Yates 1980). The cow to 
bull ratio is 27:1. 
and replacements. 
calves born (as 
Eight bulls are used to breed the cows 
There are 158 (approximately 81 percent) 
percent of cows calving) and 150 
(approximately 77 percent) calves weaned (as percent of cows 
calving). Of the 150 head of weaned calves, 24 percent (36 
head) are sold as yearlings. Mature cow death loss is 3.92 
percent and heifer death loss is 2. 34 percent. The stock 
count chart for the typical Utah ranch (Table 3) shows the 
herd composition and the animal unit months (AUMs) of feed 
required. The animal unit equivalents were determined using 
the procedure outlined by Workman ( 1986) and are found in 
Table 4. 
Table 3. Stock count chart for a typical Utah cow-calf operation. 
Yearling Total 
Month Horses Bulls Cows Replacements Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0.77 AU) (0.47-0.61 AU) AUMs 
JANUARY 5 8 196 67 255 
FEBRUARY 5 8 196 67 255 
MARCH 5 8 196 67 255 
APRIL 5 8 196 31 born 238 
MAY 5 8 196 31 238 
JUNE 5 8 196 31 238 
JULY 5 8 196 31 238 
AUGUST 5 8 196 31 150 309 
SEPTEMBER 5 8 196 31 150 309 
OCTOBER 5 8 196 31 150 309 
NOVEMBER 5 8 196 67 255 
DECEMBER 5 8 196 67 255 
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Calves (August - October) 
















b AU equivalent for horses are calculated as 1.5 AU per 1000 
pounds (Workman 1986) . 
Land Base 
The private land holdings for the typical Utah ranch 
runn i ng 100 to 300 brood cows are as follows : 30 acres ( 3 
AUMs) of desert range, 1,331 acres (180 AUMs) of native 
foothill range , 111 acres (264 AUMs) of low meadow grazing 
land, 545 acres ( 298 AUMs) of seeded crested wheat foothill 
range, 101 acres of al£ alf a hay and 15 acres of grass hay 
producing 3 . 78 and 2 . 16 tons per acre, respectively (1,077 
AUMs), 31 acres of barley producing 76 bushels per acre (199 
AUMs), and 46 acres of wheat producing 27 . 5 bushels per acre 
(147 AUMs). Aftermath (303 AUMs), is also available as forage 
in the fall. 
The typical ranch leases 415 AUMs from the U.S. Forest 
Service, 707 AUMs from the BLM, and 11 AUMs from the State of 
Utah. The typical ranch also leases 1,837 acres (248 AUMs) of 
privately-owned native and seeded rangeland . 
The feed sources chart for the typical Utah ranch (Table 
5) shows the total feed available. The chart is forced to 
Table 5 . Feed sources (AUMs) for 
Pvt USFS BLM State 
Month Lease Lease Lease Lease 
JANUARY 101 1 
FEBRUARY 101 1 
MARCH 101 1 
APRIL 101 1 
MAY 
JUNE 103 1 
JULY 82 104 1 
AUGUST 83 104 1 
SEPTEMBER 83 104 1 
OCTOBER 101 1 
NOVEMBER 101 1 
DECEMBER 101 1 
Total 248 415 707 11 
Available 248 415 707 11 
Remaining 0 0 0 0 
a typical Utah cow-calf operation. 
Desert Native cw Low After Rsd 
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balance with the stock count chart to identify any excess feed 
available. The feed sources chart demonstrates that the 
limiting forage season is in April and May when the cows may 
not eat supplemental feed and the crested wheatgrass range may 
not be ready for livestock use. The chart also shows that all 
forage is utilized by the cattle and the leases are essential 
to ranch function. There is also excess supplemental feed 
(hay and grain) which is stock piled for hard times or better 
prices. The determination of available AUMs of hay and grain 
is found in Table 6. 
Modified Ranch Income Statement 
The modified ranch income statement adapted from Workman 
( 1986) gives a snapshot picture of how well a particular 
ranching operation is performing. The 1990 modified ranch 
income statement for the typical Utah ranch begins by 
Table 6. Conversion of supplemental feed sources to AUMsa. 
Hay: 414 total tons produced 
(414 tons* 2000lb/ton * 89.68% DM * 58% TDN) / (4001b 
TDN/AUM) = 1,076.70 AUMs 
Barley: 2,356 total bushel produced 
(2,356 bu* 48lb/bub * 89% DM * 79% TDN) / (4001b 
TDN/AUM) = 198.78 AUMs 
Wheat: 1,265 total bushel produced 
(1,265 bu * 60lb/bub * 89% DM * 87% TDN) / ( 4001b 
TDN/AUM) = 146.92 AUMs 
a Dry matter (DM) and total digestible nutrient (TDN) values 
from Church and Pond (1982) 
b Pounds per bushel from Taylor (1984) 
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subtracting the annual cash and depreciation costs from the 
annual cash returns (Table 7). The annual cash returns are 
divided among income from livestock and feed. For accuracy, 
average prices are used instead of indexing the prices 
received from the data set. Livestock prices used are taken 
from Cattle Fax Resources, Inc. (1988, 1989, 1990) weekly 
reports. A four month average price (August - November) is 
used to reflect the prices received for fall sales and a two 
month average price (April and May) are used to reflect spring 
sales . A three year average price (for calves and yearlings) 
and a two year average price (for cows and bulls) is used to 
obtain representative livestock values. Values for cows and 
bulls, calves, and yearlings are shown in Tables 8, 9, and 10, 
respectively . 
Feed prices used (1988-1990) are taken from Utah 
Department of Agriculture (1991). The marketing year average 
price is used because sales of feed may take place throughout 
the year given proper storage sites . 
The annual cash returns for the typical ranch are 
$71,334. The annual cash costs were indexed to 1990 prices 
using the Prices Paid Index (Table 1). The annual variable 
cash costs for the typical ranch are $54,791. Therefore, the 
net variable cash ranch income is $16,543. 
subtracted to give a net cash ranch 
Property taxes are 
income of $13,354. 
Subtracting the depreciation of machinery, buildings, and 
improvements leaves a net ranch income of $1,983. 
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Table 7. Modified ranch income statement for a typical Utah 
ranch (196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 
3 cull bulls (1500#@ $61.41/cwtb) 
26 hfr calves (425#@ $87.74/cwtc) 
57 str calves (437#@ $97.33/cwtc) 
18 yrlg hfrs (595#@ $75.64/cwtd) 
18 yrlg strs (626#@ $82.71/cwtd) 
4 open hfrs (700#@ $76.85/cwtc) 
Feed 8 : 
alfalfa hay (52 tons@ $80.00/ton) 
barley (40 bu@ $2.42/bu) 
wheat (594 bu@ $3.46/bu) 
Total 
Annual variable cash costs 
Net variable cash ranch income 
Property taxes 
Net cash ranch income 
Depreciation costs 
Net ranch income 
Loan service costs 
Real estate (30 year, 8%) 
Working capital (10 year,10%) 
Total 
Net return available for 













Land appreciation (1.15% / year, 1977-1990) 




Gross proceeds to ranch investment 
Value of operator and family labor 
Net proceeds to owned ranch capital 
Percent return on $574,926 owned 
ranch capital ($452,000 + $122,926) 
a Death loss removed (3.92% for cows). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
5,879 
9,433 


















Table 8. Nevada - Utah cow and bull pricesa (cwt.). 
Month Year Cows Bulls 
August 1989 46.63 60.13 
September 1989 47.40 61. 50 
October 1989 46.25 59.63 
November 1989 43.00 57.33 
August 1990 50.40 65.40 
September 1990 49.75 65.50 
October 1990 48.25 62.00 
November 1990 43.38 59.75 
4mo.-2yr. ave. 46.88 61.41 
a Prices from Cattle Fax Resources, Inc. (1989, 1990), weekly 
reports. 
In order to determine what is available for family living 
expenses the loan service costs must be subtracted from the 
net ranch income. The loan service calculations for land, 
buildings, and improvements (real estate) are shown in Table 
11 and the loan service calculations for livestock, machinery, 
and equipment (working capital) are shown in Table 12. The 
loan service costs for real estate were based on a 70 percent, 
30-year loan at 8 percent interest initiated in 1970. The 
real estate loan service payment is $13,704 . The loan service 
costs for working capital were based on a 70 percent, 10-year 
loan at 10 percent interest initiated in 1985. The working 
capital loan service payment is $16,725. Subtracting the loan 
service costs from the net ranch income leaves $-28, 446 
available for family living expenses. 
Land appreciation was determined by using the 1977-1990 
average increase in land values. Land has been appreciating 
at the real rate of 1.15 percent per year for the last 13 
Table 9. Fall Nevada - Utah steer and heifer pricesa 
Steers (lbs . ) 
Month Year 800 700 600 500 400 
August 1988 77 . 88 80.13 83.13 93 . 38 100 . 38 
September 1988 77.00 79.30 81 . 70 90 . 80 97 . 40 
October 1988 78.25 80.38 82.50 89 . 50 95.75 
November 1988 78.17 80.00 82.00 89 . 17 94.33 
August 1989 79.63 81 . 38 85 . 00 90 . 13 96.63 
September 1989 77 . 00 78 . 60 81. 50 87.40 95.10 
October 1989 77 . 13 79.38 82.13 87.88 96 . 13 
November 1989 77 . 67 80.17 83.33 87.83 94 . 17 
August 1990 82 . 50 85.00 89 . 00 94.60 101. 30 
September 1990 81.88 85.00 88.88 94 . 88 101 . 63 
October 1990 81. 25 83.38 87.63 92.88 98 . 75 
November 1990 80.00 83.00 86.38 91. 25 96.38 
4mo.-3yr . ave. 79.03 81.31 84.43 90.81 97.33 
a Prices from Cattle Fax Resources , Inc. (1988, 1989, 
(cwt. ) . 
Heifers (lbs . ) 
700 600 500 
74.75 75 . 25 83.25 
74.10 75 . 10 80.90 
74.88 75 . 75 80.13 
74.83 75 . 83 80 . 17 
76.75 78 . 75 82.00 
75 . 20 77.20 80.70 
75.13 77.50 80.88 
74.83 76.33 79.83 
81.40 83 . 90 87.90 
81 . 00 83.88 88.25 
80 . 00 82 . 88 86.25 
79.38 81.50 84.50 
76.85 78.66 82.90 



























Spring Nevada - Utah steer and heifer pricesa (cwt.). 
Steers (lbs. ) Heifers (lbs. ) 
Year 800 700 600 500 400 700 600 500 
1988 76.60 79.40 82.60 89.90 97.10 74.00 75.10 80.80 
1988 76.75 79.38 83.75 89.50 95.50 74.38 75.00 79.50 
1989 72.88 74.25 78.88 87.25 96 . 63 70.00 72.88 79.63 
1989 72.25 74.63 79.88 89.13 93.13 70.63 72.75 80.00 
1990 78.13 81.00 85.13 92.13 100.13 75.75 78.88 83.75 
1990 78.13 80.75 86.00 91.13 98.50 76.75 79.25 84 . 00 
ave. 75.79 78.23 82.71 89.84 96.83 73.59 75.64 81.28 












Table 11. Calculation of net return to investment in land, 
buildings, and improvements. 
Typical Utah Ranch: 
Land, building, and improvement value (1990): $543,952.00 
($2,775.27 / brood cow or $2,312.72 / cow year-long) 
Original value: 1970 <==== 47/116a 
$220,394.34 




Payment: R = PV / PWOPc3 oyr, a%J 
= $154,276.04/11.258 
= $13,703.68/year 
Real Estate Mortgage Principal: 
==== 1990 
$543,952.00 
Loan balance 1989 (year 19, 11 years remaining) 
PV = R * PWOP c 11 yr, a% l 
= $13,703.68 * 7 . 139 
= $97,830.58 
Loan balance 1990 (year 20, 10 years remaining) 
PV = R * PWOP(lOyr, 8%) 
= $13,703.68 * 6 . 710 
= $91,951.70 
Year 20 Principal Payment: 
$97,830.58 - $91,951.70 = $5,878.88 
Year 20 Interest Payment: 
$13,703.68 - $5,878 . 88 = $7,824.80 
Land, Building, and Improvement Equity in Year 20 (1990): 
$543,952.00 1990 value 
-$91,951.70 1990 loan balance 
$452,000.30 1990 equity 
a Index values from Table 2. 
Table 12 . Calculation of net return to investment in 
livestock, machinery, and equipment. 
Typical Utah Ranch: 
Livestock, machinery, and equipment value (1990): 
Livestock : $147,091.00 
Original value: 1985 <==== 243/326a 
$109,641.45 
Machinery, and equipment: $39,238.00 





$39,238 . 00 
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Total 1985 value: $109,641.45 + $37,177.77 = $146,819.22 
Total original loan : (10 year, 10%, 30% down) 
$146,819.22 
* 0 . 70 
$102,773.45 
Payment : R = PV / PWOPc1oyr , io%J 
= $102,773.45/6.145 
= $16,724.73/year 
Livestock, Machinery, and Equipment Mortgage Principal: 
Loan balance 1989 (year 4, 6 years remaining) 
PV = R * PWOPcsyr, io %J 
= $16,724.73 * 4 . 355 
= $72,836.19 
Loan balance 1990 (year 5, 5 years remaining) 
PV = R * PWOP(Syr , 10%) 
= $16,724 . 73 * 3 . 791 
= $63,403 . 44 
Year 5 Principal Payment : 
$72,836.19 - $63,403.44 = $9,432.75 
Year 5 Interest Payment : 
$16,724.73 - $9,432.75 = $7,291.98 
Livestock, Machinery, and Equipment Equity in Year 5 (1990): 
$186,329.00 1990 value 
-$63,403.44 1990 loan balance 
$122,925.56 1990 equity 
a Index values from Table 1. 
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years (Table 2), giving a 1990 increase of $6,255. The 
payments to mortgage principal in 1990 were $5,879 and $9,433 
for real estate and working capital, respectively. Adding 
land appreciation and the mortgage principal payment to the 
net return available for family living expenses results in$-
6,879 for gross proceeds to ranch investment. Subtracting 
$15,000 as the value of operator and family labor results in 
$-21, 8 7 9 as the net proceeds to owned ranch capital. The 
percent return on $574,926 ($452,000 as real estate equity and 
$122,926 as working capital equity) owned ranch capital then 
becomes -3.81 percent. 
In order to make proper comparisons between alternatives, 
the modified income statement must show sales of all excess 
supplemental feed. Table 13 shows that when all excess 
supplemental feed is sold, the net variable cash ranch income 
becomes $31,278 and the percent return on owned ranch capital 
becomes -1 . 24 percent. 
Tables 3, 5, and 13 provide starting points for economic 
analysis of low input improvements. 
Validation of Ranch Profile 
The typical Utah ranch profile has been constructed from 
96 Utah ranches. It is important that the analysis begin with 
correct information pertaining to the ranch profile. These 
results were validated with another data set compiled from a 
different sample of Utah ranches. 
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Table 13. Modified ranch income statement for a typical Utah 
ranch selling excess supplemental feed (196 brood cows), 
1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 
3 cull bulls (1500#@ $61.41/cwtb) 
26 hfr calves (425#@ $87.74/cwtc) 
57 str calves (437#@ $97.33/cwtc) 
18 yrlg hfrs (595#@ $75.64/cwtd) 
18 yrlg strs (626#@ $82.71/cwtd) 
4 open hfrs (700#@ $76.85/cwtc) 
Feede: 
alfalfa hay (164 ton@ $80.00/ton) 
barley (1467 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 
Annual variable cash costs 
Net variable cash ranch income 
Property taxes 
Net cash ranch income 
Depreciation costs 
Net ranch income 
Loan service costs 
Real estate (30 year, 8%) 
Working capital (10 year,10%) 
Total 
Net return available for 













Land appreciation (1.15% / year, 1977-1990) 




Gross proceeds to ranch investment 
Value of operator and family labor 
Net proceeds to owned ranch capital 
Percent return on $574,926 owned 
ranch capital ($452,000 + $122,926) 
a Death loss removed (3.92% for cows). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
5,879 
9,433 
















- 1. 24% 
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Another aggregate profile (USFS/BLM) was constructed 
using data gathered from ranchers using U.S. Forest Service 
and B.L.M . lands (Gee et al. 1986a, 1986b) to test the 
validity of the Utah ranch profile used in this study. Ranch 
data was gathered from 5 national forests and 17 B. L.M. 
resource areas in Utah which ran between 100 and 300 brood 
cows. 
Herd Composition 
The USFS/BLM ranch profile runs 196 brood cows with a 16 
percent heifer replacement rate. The cow to bull ratio is 
24 : 1. There are 160 (approximately 81 percent) calves born 
(as percent of cows calving) and 149 (approximately 76 
percent) calves weaned (as percent of cows calving) . Of the 
149 head of weaned calves, 20 percent are sold as yearlings. 
Mature cow and heifer death loss is 3 . 53 and 2.41 percent, 
respectively . 
Land Base 
The private land holdings for the USFS/BLM ranch profile 
are as follows : 822 AUMs of native foothill range and 76 AUMs 
of low meadow grazing land . Aftermath (172 AUMs) is also 
available as forage in the fall. 
The ranch leases 323 AUMs from the U. S. Forest Service, 
713 AUMs from the BLM, and 40 AUMs from the State of Utah . 
The typical ranch also leases 293 AUMs of privately-owned 
pasture. Comparisons between the typical Utah ranch used in 
this study and the USFS/BLM Utah ranch are found in Table 14. 
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Brood cows (head) 
Heifer replacement rate (%) 
Cow to bull ratio 
Calves born (#) 
Calves born (%) 
Calves weaned (#) 
Calves weaned (%) 
Mature cow death loss (%) 
Heifer death loss (%) 
Land Base (AUMs): 
Private desert range 
Private native foothill range 
Private low meadow 














































The net ranch income portion of the modified income 
statement for the USFS/BLM ranch profile is shown in Table 15. 
The net variable cash ranch income is $14,833 and the net 
ranch income is $4,687. Comparisons between the typical Utah 
ranch and the USFS/BLM Utah ranch are found in Table 16. 
Conclusion 
The above results for the USFS/BLM ranch profile are very 
similar to the typical Utah ranch profile described earlier. 
Therefore, the typical Utah ranch profile discussed above is 
considered valid for use in this study. 
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Table 15. Net ranch income for the USFS/BLM ranch profile 
(196 brood cows), 1990. 
Item 
Annual cash returns 
Annual variable cash costs 
Net variable cash ranch income 
Property taxes 
Net cash ranch income 
Depreciation costs 









Table 16. Net ranch income for the typical Utah and USFS/BLM 
ranch profiles (196 brood cows), 1990. 
Item 
Annual cash returns 
Annual variable cash costs 
Net variable cash ranch income 
Property taxes 
Net cash ranch income 
Depreciation costs 




















Ranch Management Alternatives 
As mentioned, the first objective is to assess the profit 
potential of "low input" range and ranch management options 
and improvements from the standpoint of the total ranch unit. 
Each option or improvement was be applied to the typical Utah 
ranch to determine changes in ranch structure (Tables 3 and 5) 
and net variable cash ranch income (Table 13). The changes 
that occurred in stock count charts, feed sources charts, and 
net variable cash ranch income tables for each option are 
shown in Appendix B. 
Cattle Options 
Selling all Excess Calves 
The typical Utah ranch currently retains 36 weaned calves 
(18 heifers and 18 steers) to be sold as yearlings. The first 
option entailed selling all excess calves (except retained 
replacement heifers) at weaning ( Table bl) . Selling all 
excess calves decreased both livestock income and feed 
requirements ( Table b2), allowed more hay to be sold, and 
resulted in increased annual cash returns. Annual variable 
cash costs did not change. Net variable cash ranch income 
increased to $31,500 (Table b3). 
Retaining all Calves 
The typical Utah ranch currently sells the majority of 
the calf crop as weaners. This option examines the retention 
of all calves and selling them at one year of age (Table b4). 
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Retaining all calves increased livestock income and feed 
requirements (Table b5) resulting in decreased annual cash 
returns. Annual variable cash costs did not change. Death 
loss for stockers was calculated at 1.0 percent (Walker and 
Wise 1987), resulting in the loss of one steer on the income 
statement. Net variable cash ranch income decreased to 
$30,365 (Table b6). 
Retaining all Steers 
The typical Utah ranch currently sells the majority of 
the calf crop as weaners. Hewlett and Workman (1978) reported 
that the optimum range livestock scheme for two typical Utah 
ranch sizes (150 and 300 head of brood cows) was to reduce the 
cow herd by 25 percent and use the released feed to retain all 
steer calves for sale as yearlings. This option examined 
retaining all steer calves and selling them at one year of age 
(Table b7). Excess feed was used for the steers allowing the 
cow herd size to remain the same. Retaining all steer calves 
increased livestock income and feed requirements (Table b8) 
resulting in decreased annual cash returns. Annual variable 
cash costs did not change. Death loss for stockers was 
calculated at 1.0 percent, which resulted in the loss of one 
steer on the income statement. Net variable cash ranch income 
decreased to $30,754 (Table b9). 
Purchasing Steers 
The typical Utah ranch currently sells the majority of 
the calf crop as weaners. This option examined purchasing 123 
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steers to utilize all excess hay and barley. All livestock 
(except steers) were sold in the same way as the typical Utah 
ranch and extra steers were purchased ( Table blO) . Calves 
were purchased at the weaned calf price and sold at the 
yearling price. Purchasing extra steer calves increased 
livestock income and feed requirements (Table bll) resulting 
in increased annual cash returns. The purchase price of the 
steers was added to the annual variable cash costs. Interest 
( 12 percent) was added for the life of the investment ( 5 
months). Stocker death loss was calculated at 1.0 percent, 
which resulted in the loss of 2 steers on the income 
statement. Net variable cash ranch income decreased to 
$27,674 (Table b12). 
Purchasing Terminal Sired Steers 
Walker and Wise ( 1987) suggested that terminal sired 
calves with increased growth rates would have the ability to 
increase net returns. Terminal sires are used for the purpose 
of maximizing weight gain. Typically, all calves sired from 
terminal sires are sold. Purchasing steers from a terminal 
sired cross maximizes hybrid vigor (Lasley 1981). The data 
used in this analysis was taken from calves sired by Sirnrnental 
and Charolais bulls. Smith et al. (1976a) reported that 
Hereford-Angus cross calves weighed 428 pounds at weaning and 
Sirnrnental and Charolais cross (Angus-Hereford cross darns) 
calves weighed 450 and 456 pounds at weaning, respectively, 
(an average of 453 pounds). Therefore, terminal sired steers 
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were 25 pounds heavier than Hereford-Angus cross steers at 
weaning. Smith et al. (1976b) reported that the average daily 
gain for a 180 day feed test for Hereford-Angus cross calves 
was 2.47 pounds compared to 2.75 and 2.73 pounds (an average 
of 2. 74 pounds) for Sirnrnental and Charolais cross calves, 
respectively. Therefore, terminal sired steers gained 0.27 
pounds per day more than Hereford-Angus cross steers. The 
typical Utah ranch steers (mostly Hereford, Angus, or 
Hereford-Angus cross) gain 1.26 pounds per day from weaning to 
yearling . 
This option examined purchasing 161 terminal sired steers 
to utilize all excess hay and barley. All livestock were sold 
in the same way as the typical Utah ranch and terminal sired 
steers were purchased (Table b13). The weaning weight of the 
purchased steers was 462 pounds (437 pounds+ 25 pounds) and 
the yearling sale weight was 691 pounds ((462 pounds+ (1.53 
pounds/day x 150 days)). Calves were purchased at the weaned 
calf price and sold at the yearling price. 
Purchasing terminal sired steer calves increased 
livestock income and feed requirements (Table b14) resulting 
in increased annual cash returns. The purchase price of the 
steers was added to the annual variable cash costs. Interest 
( 12 percent) was added for the life of the investment ( 5 
months). Stocker death loss was calculated at 1.0 percent, 
and resulted in the loss of 2 steers on the income statement. 




The typical Utah ranch currently retains replacement 
heifers from the weaned calf crop. This option considered 
selling ranch raised heifer calves and purchasing replacement 
heifers in an attempt to minimize feed costs. The current 
yearling operation ( 36 head) remained as is (Table b16). 
Purchasing replacements increased livestock income and 
decreased feed requirements (Table b17) resulting in increased 
annual cash returns. The resulting decrease in the feed 
requirement decreased cash costs by $656 because less leased 
private land (77 AUMs) was required. The private land lease 
price was $8.52/AUM, the three year average price (1988-1990) 
for cattle grazing privately owned non-irrigated land in Utah 
(USDA/ERS 1991). Cash costs also increased due to purchasing 
replacements . The bred heifer price was determined by taking 
the 4-month (August-November) 1990 average price (Drovers 
Journal 1990) and indexing the result ($660.69/head) to a 
three-year average using Table 9 [i.e., 3 year average 700 
pound heifer price ( $76. 85/cwt.) /1990 average heifer price 
($80 . 45/cwt . ) * $660.69/head]. Total value of the purchased 
heifers was $17,041 (27 head@ $631.13/head). Total annual 
variable cash costs increased to $71,176. Net variable cash 
ranch income decreased to $29,456 (Table b18). 
Keeping Excess Heifers 
The typical Utah ranch currently replaces 14 percent of 
the cow herd with ranch raised replacements. It is difficult 
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to select heifers at weaning that will settle during the 
breeding season. Genetic progress occurs more rapidly when 
excess heifers are kept through the breeding season and those 
that do not settle are culled. Allowing nature to select 
replacements will improve the fertility of the females in the 
herd. The number of excess heifer calves can vary. This 
option examined keeping all heifer calves through the winter, 
selling 18 yearlings (similar to the typical Utah ranch) in 
the spring, keeping the remaining heifers through the breeding 
season, and culling open heifers (Table b19). 
Keeping excess heifers increased livest o ck income and 
feed requirements (Table b20) resulting in decreased annual 
cash returns. Yates (1980) stated that the pregnancy rate for 
crossbred heifers was 86 percent. With 18 heifers sold in the 
spring, a 2.34 percent death loss, and 86 percent conception 
rate, 48 heifers would be pregnant. The replacement rate 
would remain the same ( 2 7 head) . However, genetics would 
improve if the extra heifers remained in the herd and more 
older cows were culled ( thus decreasing net variable cash 
ranch income). The extra 21 heifers would be sold as pregnant 
heifers at the purchase price described above. Total annual 
variable cash costs remained unchanged. Net variable cash 
ranch income decreased to $29,793 (Table b21). 
Early Weaning Calves from 
First Calf Heifers 
Early weaning is a technique that can be used to improve 
cow reproductive performance (Braun 1988) and increase weaning 
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weights when forage is poor (Price 1981). Lusby et al. (1981) 
reported that first-calf heifers with early weaned calves 
(weaned at 6 to 8 weeks vs. 7 months of age) had a shorter 
interval (17.5 days) from parturition to conception and a 37.4 
percent (96.8 vs . 59 . 4) higher pregnancy rate. Price (1981) 
pointed out that often only the calves from first-calf heifers 
are early weaned because these heifers are not only lactating 
but they are also still growing . Neville and McCormick (1981) 
compared two groups ( one fed on pasture and the other on 
dry lot) of early weaned calves ( 6 7 days) to one group of 
normal weaned calves (230 days) . They reported a difference 
in average daily gain for the 230 day period (2.27, 2 . 45, and 
2.14 pounds/day for the early weaned pasture, early weaned 
dry lot, and normal weaned calves, respect i vely) . Braun ( 1988) 
reported that the 6 to 7 month average daily gain for calves 
weaned between 90 and 120 days was 1.84 pounds/day compared to 
O. 51 pounds/day for calves left with their darns on winter 
pasture with low level energy intake and weaned at 6 to 7 
months . The average daily gain for the cows with early weaned 
calves was 1 . 37 pounds/day compared to 0 . 71 pounds/day for the 
normal weaned cows (Neville and McCormick 1981). 
This option weans calves from first-calf heifers at 3 to 
4 months in order to allow the heifer time to gain body 
condition and cycle sooner for the current breeding season. 
The analysis i s based on an increased conception rate of 18 . 7 
percent ( one half of the increased conception reported by 
Lusby et al. (1981)) and an increased weaning weight of early 
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weaned calves of 28 pounds (90 days x 0.31 pounds/day) fed in 
drylot (Neville and McCormick 1981). The conception rate 
increase was decreased by half because the calves were weaned 
at 3 to 4 months instead of 67 days. Therefore, only half of 
the first-calf heifers will benefit from early weaning in the 
current year. The increased second conception rate of first-
calf heifers allowed more strict culling of the older cow 
herd. Keeping a larger number of first-calf heifers also 
improved the genetic quality of the herd. The increased 
weaning percentage was 14.4 percent (18 . 7 * 77 percent weaned 
calf crop). The number of early weaned calves from first-calf 
heifers was 25 ((14.4 + 77 percent) * 27 first-calf heifers). 
The structure of the herd remained unchanged from the 
typical Utah ranch (Table b22). The feed sources chart showed 
an increased use of supplemental feed for the early weaned 
calves in the drylot (Table b23). Labor also increased but 
not enough to increase cash costs. 
Early weaning of calves from first-calf heifers increased 
livestock income and altered feed requirements resulting in 
increased annual cash returns. The total annual variable cash 
costs remained the same. Net variable cash ranch income 
increased to $31,974 (Table b24). 
Three-Year-Old Replacements 
Some producers calve their replacement heifers at three 
years old instead of two. Calving heifers at three years old 
allows them to calve easier (Lasley 1981) because they are 
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older, heavier, and more mature, thereby reducing labor 
requirements at calving . The long-term advantage of breeding 
replacements to calve at 2 years of age has been shown by 
Withycombe et al. (1930) and Pope et al. (1955) with the 
Hereford breed. Warnick and Fields (1977) demonstrated 
similar advantages in production of Brahman/British crossbred 
heifers. Recently, Tran et al. (1988) reported that age at 
first calving (2 years vs. 3 years) in Brahman heifers had no 
significant effect on lifetime reproduction rates; however, 
subsequent pregnancy and weaning rates were 4 percent higher 
in heifers calving at 2 years of age. Bauer (1965) reported 
that Hereford heifers bred to calve at 2 years of age had a 
slightly higher calving rate than those bred to calve at 3 
years of age, and their longevity was similar. Wiltbank and 
Harvey (1963) also reported that cows calving at 2 years of 
age were more fertile than their older counterparts . Lasley 
(1981) stated that two-year-old heifers weaned about 0 . 9 more 
calves during their lifetimes . 
Holding heifers for an extra year requires more total 
AUMs (Table b25), a longer feeding time, and more feed (Table 
b26), thereby increasing the required labor. The labor 
requirement decreased at calving time but increased during 
winter feeding. The ref ore, no extra outside labor was 
required. The longevity of the three-year-old replacements 
was assumed to be no different than the two-year-old 
replacements. The three-year-old heifer price was determined 
by taking the 4 month (August-November) 1990 average price 
46 
(Drovers Journal 1990) and indexing the result ($67.52/cwt) to 
a three year average using the same procedure described above 
for the pregnant heifer price. 
The option of holding heifers to calve at three years of 
age instead of two decreased livestock income and greatly 
increased feed requirements (Table b25) resulting in decreased 
annual cash returns. The total annual variable cash costs 
remained the same. Net variable cash ranch income decreased 
to $21,268 (Table b27). 
O'Connor Management System 
The typical Utah ranch operation could be imp rc ' ed by 
applying better management techniques. Spitzer et al. (1975) 
described a "new management system" that entailed breeding 
replacement heifers 20 days sooner than the main cow herd, 
synchronization of estrus, selecting replacements for early 
pregnancy, and breeding both heifers and cows during a limited 
45 day breeding season (the conventional herd utilized a 90 
day breeding season and heifers were bred during the same time 
period as the main cow herd). Pregnancy testing was conducted 
and all open cows and heifers were culled. This "new 
management system" resulted in earlier calving heifers and 
both heifers and cows calved in a shorter period. Wiltbank 
and Spitzer (1978) stressed the importance of proper heifer 
and cow herd management and heifers being of sufficient age 
and size before the breeding season to ensure high conception 
rates. 
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The O'Connor Management System (O'Connor) was designed to 
improve the reproductive efficiency of the cow herd. The 
O'Connor system entails applying five management tools to a 
beef cow herd (Anderson et al. 1986) as follows: 
1. Cows in moderate body condition at calving. 
2. 60-day calving season. 
3. 48-hour calf removal at the start of breeding. 
4. Cows gaining weight for 5 weeks starting 2 weeks 
prior to breeding. 
5. Cows bred by bulls predicted to have high 
fertility. 
Anderson et al. (1986) compared two herds of Hereford cattle 
( each containing 125 head) . One herd was managed in the 
conventional manner (i.e., 120 day breeding season, no special 
treatment to cows or bulls) . The O'Connor system was applied 
to the other herd. Anderson et al. ( 1986) found that 14 
percent more cows weaned calves, the average age of the calves 
at weaning was 24 days older resulting in 31 more pounds per 
calf, and the net profit was increased approximately $39 per 
cow for cows in the O'Connor herd. Some of the improved 
conception is due to fertility testing of herd sires. 
Wiltbank and Parish (1986) reported an increased pregnancy 
rate of 5 percent in heifers bred to bulls having 80 percent 
or greater normal sperm when compared to heifers bred to bulls 
having 70 percent or greater normal sperm . Proper body 
condition increases conception. Wiltbank et al. (1964) 
reported that thin cows had a 56 percent lower conception rate 
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and took 23 days longer to show first estrus after calving 
than cows with moderate to good body condition. Conception is 
also improved when cows are nutritionally flushed and their 
calves are removed for a short period of time at the beginning 
of the breeding season because they begin to cycle sooner, 
which allows more total cows to cycle during the breeding 
season. Smith et al. (1979) suggested that short-term calf 
removal may be a useful tool for inducing estrous in anestrous 
cows. 
When applied to the typical Utah ranch (Table b28), the 
0' Connor system increased livestock income and feed 
requirements (Table b29), resulting in increased annual cash 
returns. Total annual variable cash costs increased $250 for 
fertility testing of the bulls. Net variable cash ranch 
income increased to $42,644 (Table b30). 
Early Weaning 
Early weaning was also applied to the entire cow herd. 
Typically, early weaning of the entire herd would not be 
necessary. However, in times of drought or scarce for age, 
early weaning may be necessary. All calves were weaned at 3 
to 4 months of age. Inadequate facilities might be a problem 
in some circumstances. Calves were early weaned in an effort 
to maintain cow body condition. Therefore, herd reproduction 
remained unchanged. Weaning weight of early weaned calves 
increased 28 pounds (90 days x 0.31 pounds/day) because calves 
were fed in drylot (Neville and McCormick 1981). 
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Herd structure remained unchanged from the typical Utah 
ranch (Table b31). The feed sources chart showed an increased 
use of supplemental feed for the early weaned calves in drylot 
and private lease range was not used (Table b32). Labor was 
also increased but not enough to hire outside help. 
Early weaning of all calves increased livestock income 
and altered feed requirements resulting in decreased annual 
cash returns. Total annual variable cash costs decreased 
because the private lease was not used. Net variable cash 
ranch income decreased to $28,964 (Table b33). 
Renting Bulls 
Producers have the option of avoiding the high costs of 
purchasing bulls by renting. Renting bulls allows producers 
to avoid the up front purchase costs, avoid winter feeding of 
bulls, improve the genetic quality of the herd, and use 
reproductively sound bulls. Some of the concerns of renting 
bulls are difficulty in obtaining quality bulls, inability of 
using the same bull twice, liability, and cost of rented 
bulls. Some of the bull renting services provide performance 
information, fertility test results, and weaning weight 
results. 
The option of bull renting decreased the period bulls are 
fed ( Table b34), livestock income, and feed requirements 
(Table b35) resulting in decreased annual cash returns. The 
cost of renting bulls varies depending on the source of the 
bulls. Time Share Breeding Services is one of the largest 
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bull renting companies and runs 1,000 bulls (Fraser 1990). 
The cost of renting bulls from Time Share Breeding Services is 
one heifer calf weighing 400 pounds or the average weight of 
the calf crop (whichever is greater) for each rented bull 
( Fraser 1990) . The cost of each rented bull for this 
technique is $373.90 (one 425 pound heifer@ $87.74/cwt). The 
total cost of renting 8 bulls for the herd was $2,991. The 
yearly cash cost for purchasing bulls for the current Utah 
operation was $3,190. Total annual variable cash costs 
decreased to $54,592. Net variable cash ranch income 
decreased slightly to $31,114 (Table b36). 
Terminal Sires 
The terminal sire cross increases weaning weights by 
increasing hybrid vigor because both the cow and the calf are 
crossbred (Lasley 1981). Terminal sires were bred to the 
oldest 60 percent of the cow herd. To supply required 
replacement heifers, younger cows were bred to the same breed 
of bulls as the typical ranch. Purebred terminal sires were 
assigned a purchase price of $1,500. Ranch structure remained 
the same as the typical ranch (Table b37). 
Hybrid vigor from terminal sires increased livestock 
income, did not change feed requirements ( Table b38), and 
resulted in increased annual cash returns. Annual variable 
cash costs increased because of the increased purchase price 
of the terminal sires. Net variable cash ranch income 
increased to $33,514 (Table b39). 
Terminal Sires and 
Purchased Heifers 
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Maximum total weaned pounds results when all females are 
bred to terminal sires and replacement heifers are purchased. 
Purebred terminal sires were assigned a purchase price of 
$1,500 and replacement heifers were assigned the purchase 
price described above. Ranch structure remained the same as 
the typical ranch (Table b40). However, required feed 
increased because of the increased calf size. Table b40 shows 
that the animal unit equivalent increased to 0.55 and 0.65 for 
calves just before weaning and calves kept to be sold as 
yearlings, respectively. 
Hybrid vigor from terminal sires increased livestock 
income and supplemental feed requirements (Table b41) 
resulting in increased annual cash returns. Annual variable 
cash costs increased due to replacement heifer purchases and 
the increased purchase price of terminal sires. The private 
lease also decreased, lowering annual variable cash costs. 
Net variable cash ranch income increased to $31,439 (Table 
b42). 
Linear Programming Analysis 
of Cattle Options 
Linear programming (LP) was used to determine the optimum 
combination and production levels to maximize net variable 
cash ranch income for the typical Utah ranch. Linear 
programming was also used to identify limiting factors in 
ranch structure and forage availability. 
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Model Description 
The basic LP model for cattle analysis included 16 
potential options. Table 17 lists the variables used for each 
option and gives a brief description. Objective function 
coefficients for the variables were net variable cash ranch 
income/brood cow (Table 18). 
Constraints for the analysis were labor, livestock 
investment, short-term capital, and forage. The labor 
requirement coefficients were labor required/brood cow for 
each option, and the Right Hand Side ( RHS) was the total 
amount of labor available on the typical Utah ranch (Table 
18) . The labor requirement for the typical Utah ranch was 
adjusted for each option. 
The livestock investment constraint limited available 
capital for livestock investment . The livestock investment 
requirement coefficients were livestock investment ($/brood 
cow) for each option, and the RHS was the total amount of 
livestock capital available for the typical Utah ranch (Table 
18). Livestock investment for each option was determined by 
valuing all existing livestock on the ranch at the current 
1990 market value. 
The short-term capital constraint limited ranch operating 
capital. The short-term capital requirement coefficients were 
operating capital ($/brood cow) for each option, and the RHS 
was the maximum short-term capital loan (70 percent) on the 
livestock investment for the typical Utah ranch (Table 18). 
Short-term capital values (annual variable cash costs) were 
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Typical Utah cow-calf operation. 
Typical Utah cow-calf operation selling all 
excess feed. 
Sell all excess weaned calves. 
Retain all weaned calves to be sold as 
yearlings. 
Retain all steers to be sold as yearlings. 
Purchase steers to be sold as yearlings. 
Purchase terminal sired steers to be sold as 
yearlings. 
Purchase all replacement heifers. 
Keep excess replacements and cull on 
fertility. 
Early wean calves from first calf heifers (at 
4 or 5 months) . 
Breed replacements to calve at three years old 
instead of two. 
Apply the O'Connor Management System. 
Early wean calves from cows (at 4 or 5 
months). 
Rent all breeding bulls. 
Terminal sires bred to 60% of the cow herd . 
Terminal sires bred to cow herd and 
replacements purchased. 
Table 18. Net variable cash ranch income, labor, livestock investment, and short term 
capital for cattle options applied to the typical Utah ranch (196 brood cows). 
Net Variable Labor Livestock Short Term 
Cash Ranch Income Investment Capital 
Variable ($/brood cow) (hrs/brood cow) ($/brood cow) ($/brood cow) 
TUCC 84.40 27.59 854.44 279.55 
TUCCSEF 159.58 27.59 854.44 279.55 
SELLEXWC 160.71 27.59 838.86 279.55 
RETAINWC 154.92 29.32 888.92 279.55 
RETAINST 156.91 29.32 878.68 279.55 
PURCHST 141. 19 32.77 878.68 559.81 
PURCHTST 150.74 32.77 854.44 667.38 
PURCHREP 150.29 27.59 810.80 363.14 
EXCESREP 152.01 27.59 891.41 279.55 
EWFCH 163.13 27.59 857.76 279.55 
THREEREP 108.51 28.45 923.53 279.55 
OMS 217.57 28.45 941.06 280.82 
EW 147.78 28.45 869.69 268.77 
RENTB 158.74 26.73 816.84 278.53 
TERMB 170.99 27.59 870.03 283.72 
TERMBPR 160.40 27.59 833 . 70 369.83 
Total Available 6,760a 196,000b 137,200c 
a (10 hours/day x 26 days/month x 26 person months)= 6,760 person hours. 
b $1,000 maximum/brood cow investment. 
c $137,200 maximum short term capital loan (70% loan on brood cow investment). 
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taken from the net variable cash ranch income statements for 
each option (Appendix B). 
The forage constraint limited the available monthly 
forage. Forage requirement coefficients were available forage 
(AUMs/brood cow) for each option, and the RHS was the maximum 
monthly forage available for the typical Utah ranch (Table 
19). Monthly forage AUM allocation of Table 5 was adjusted to 
reflect the months in which forage would be most limiting. 
May forage was reduced to reflect the proportion of crested 
wheatgrass forage actually available for use in May. 
Supplemental hay and grain AUMs were also allowed to fluctuate 
to meet the requirements of each option . Forage requirement 
values were taken from the stock count charts for each option 
(Appendix B). 
Model Analysis 
The basic LP model for the cattle analysis included 16 
potential options (decision variables). The most profitable 
option ran 208 brood cows under the O'Connor Management System 
(OMS) (Table 20). The maximum net variable cash ranch income 
was $45,152 compared to $31,278 for the typical Utah cow-calf 
operation (Table 13). Reduced costs demonstrate the amount by 
which the net return over variable costs would be decreased if 
one more brood cow from another option was forced into the 
solution (Table 20). For example, if one cow was run under 
the next best option, terminal sires bred to cow herd and 
replacements purchased (TERMBPR), the objective function would 
Table 19. Adjusted forage available (AUMs) for various livestock options. 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
JANUARY 101 1 1 180 40 365 a 
FEBRUARY 101 1 1 180 40 365a 
MARCH 101 1 1 180 40 365 a 
APRIL 101 1 177 279 
MAY 252 252 
JUNE 103 1 46 113 366a 
JULY 82 104 1 86 290a 
AUGUST 83 104 1 90 64 438 a 
SEPTEMBER 83 104 1 90 1 63 438a 
OCTOBER 101 1 240 438a 
NOVEMBER 101 1 180 40 365 a 
DECEMBER 101 1 180 40 365a 
Total 248 415 707 11 3 180 298 264 303 1077 200 4326 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 
Remaining 0 0 0 0 0 0 0 0 0 0 146 




Table 20. Linear programming optimal solution values and 
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decrease by $34.31. May forage was the binding constraint 
with a shadow price of $179.17. The shadow price is the 
amount the objective function would change if the RHS was 
increased by one unit. Therefore, up to $179.17 could be paid 
for one more AUM of forage in May. June forage was found to 
be the next most limiting constraint. April forage was also 
constraining because it is difficult to force cows to eat 
processed feeds once forage greens up in the spring. 
The above analysis illustrates the importance of 
alleviating the spring forage bottleneck. The next series of 
improvements deal with the challenge of increasing the spring 
forage availability as well as other range improvement 
options. 
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Range Forage Options 
The cattle option section presented the information in 
customary (U.S. ) measurements because the information provided 
was clearer to the reader using that format. The range forage 
and crop sections will be presented in metric units because 
most of the literature referred to in range science uses the 
metric system. For the readers convenience, customary (U.S.) 
measurements follow metric values in the text. 
Alleviation of Spring 
Forage Bottlenecks 
The most limiting constraint on the typical Utah ranch is 
the availability of early spring forage. The LP analysis of 
cattle options pointed out that May forage was the limiting 
constraint to expanding herd size . The following sections 
analyze the economic feasibility of re-vegetating degraded 
range sites with improved species and controlling brush and 
pinyon - juniper encroachment of previously seeded areas. 
Revegetation of Poor Range Sites. The typical Utah ranch 
currently utilizes 298 AUMs of forage from seeded crested 
wheatgrass foothill ranges. The previous section pointed out 
that early spring for age remained the limiting factor to 
optimal ranch operation. The spring forage bottleneck can be 
further alleviated by improving these old seeded rangelands, 
thereby allowing a longer, and sometimes earlier, spring 
grazing period. 
The following analysis was adapted from Workman and 
Tanaka (1991). Revegetation of two different range sites 
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(Upland Loam and Upland Shallow Loam), infested with two brush 
types (sagebrush and pinyon-juniper), with crested wheatgrass 
were compared to stress the importance of improving the best 
available sites first. 
Economic ana l y sis of range revegetation must include the 
following information: project costs, project benefits, value 
of project benefits, interest rate, project risk, expected 
project life, and range site selection (Workman and Tanaka 
1991). Workman and Tanaka (1991) explained in detail the 
importance of carefully including each information item when 
ana l yzing any range revegetation project. 
The main benefit of crested wheatgrass reseeding was the 
increased forage produced . Increased forage production for 
each range site was determined using yield and vegetation 
composition charts from Mason (1971). The native foothill 
ranges for the typical Utah ranch currently produce 180 AUMs 
on 539 hectares (1331 acres). The current average production 
for this area is 0.35 AUM/ha (0.14 AUM/ac). Current 
production on Upland Loam and Upland Shallow Loam range sites 
in poor condition produce an average of 1,318 kg/ha (1,176 
lb/ac) and 599 kg/ha (534 lb/ac), respectively (Workman and 
Tanaka 1991). Implementing a crested wheatgrass seeding on 
Upland Loam and Upland Shallow Loam range sites increases 
average herbage production to 1,511 kg/ha (1,348 lb/ac) and 
1,288 kg/ha (1,149 lb/ac), respectively (Workman and Tanaka 
1991). Percent forage on Upland Loam and Upland Shallow Loam 
range sites in poor condition is 23 and 27 percent, 
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respectively (Workman and Tanaka 1991). It was assumed that 
the seeding would result in 90 percent available forage. The 
AUM requirement is assumed to be 300 kg/AUM ( 660 lb/AUM) 
(National Research Council 1970). ·The current carrying 
capacities of the Upland Loam and the Upland Shallow Loam 
range sites were 0.51 AUM/ha (0.21 AUM/ac) and 0.27 AUM/ha 
(0.11 AUM/ac), respectively (Table 21) . The current average 
carrying capacity of 0.35 AUM/ha (0 . 14 AUM/ac) for the native 
foothill range on the typical Utah ranch demonstrates that the 
two range sites chosen for this analysis were similar to the 
ranges of the typical Utah ranch. The carrying capacity 
increased 1. 7 6 AUM/ha ( 0 . 71 AUM/ ac) and 1. 6 6 AUM/ha ( 0. 6 7 
AUM/ac) for the Upland Loam and Upland Shallow Loam range 
sites, respectively (Table 21). 
The annual value of the seeding was determined by 
multiplying the increased production by the forage portion of 
the private range lease rate $8.52/AUM, the three year average 
price ( 1988-1990) for cattle grazing privately owned non-
irrigated land in Utah (USDA/ERS 1991). Published private 
lease rates include a 30 percent premium for landlord services 
(Torell et al. 1989) . Therefore, the value of the forage 
portion is approximately 70 percent of the lease rates 
(Workman and Tanaka 1991). The forage portion of the private 
land lease rate used was $5.96/AUM ($8.52/AUM * 70 percent). 
Expected costs of sagebrush revegetation include initial 
project investment (seedbed preparation, seed, and seeding) 
and induced operating and maintenance costs. Guidelines for 
Table 21. Increased production from crested wheatgrass seeding on two range sitesa. 
Herbage Forage Util- Usable Forage Carrying Increased 
ization Forage Req. capacity production 
(kg/ha) * ( % ) * ( % ) = (kg/ha) I (kg/ha) = (ADM/ha) (ADM/ha) 
Deland Loam 
Before 1,318 23 50 152 300 0.51 
1. 76 
After 1,511 90 50 680 300 2.27 
Deland Shallow Loam 
Before 599 27 50 81 300 0.27 
1.66 
After 1,288 90 50 580 300 1. 93 
a Adapted from Tanaka and Workman (1988) . 
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specific revegetation projects in Utah are explained in detail 
by Horton ( 198 9) . Induced costs include fence and water 
construction and maintenance and grazing deferment. Costs 
incurred for any revegetation improvement project will depend 
on its location on the ranch and the existing facilities. The 
fence and water induced costs are highly variable depending on 
each individual ranch and will not be included in the 
analysis, but must be considered before implementing an 
improvement project . 
Initial investment for sagebrush revegetation consisted 
of 6.7 kg/ha (6 lb/ac) of Fairway crested wheatgrass 
(Agropyron cristatum (L.) Gaertn . ) seed at $2 . 67/kg ($1.21/lb) 
and seedbed preparation and seeding costs of $39.54/ha 
($16/ac). The total initial investment was $57.43/ha 
($23.25/ac) (USDA 1984). Deferment costs included a one year 
deferment for seedling establishment and the cost of an 
alternate forage source for the same period (Table 21) . The 
alternate forage value was determined by multiplying the 
private lease rate by the carrying capacity of each range site 
before improvement . 
A 4 percent real interest rate was combined with a 5 
percent risk ( one failure for every 20 seeding projects) 
resulting in a 9 percent risk included real interest rate for 
the analysis. A detailed explanation on selecting the proper 
rate of interest is found in Workman (1986) . The life of the 
project was assumed to be 20 years (Workman and Tanaka 1991). 
Expected costs and returns are found in Table 22. 
Table 22. Added net present value of a crested wheatgrass 
seeding for two range sites on a sagebrush infestation. 
Upland Loam 
Returns: 
Increased annual forage value 
Present value of annual forage 




= 1.76 AUM/ha 
= $10.499/ha 





Postponed forage= $95.75/ha - ($95.75/ha * 0.917 1 yr, 9%) 
= $7.95/ha 
Alternate forage = 0.51 AUM/ha * $5.96/AUM * 0.917 1 yr, 9 % 
= $2.79/ha 
Total costs: $68.17/ha 
Added Net Present Value = $95.75/ha - $68.17/ha 
= $27.58/ha 
Upland Shallow Loam 
Returns: 
Increased annual forage value 
Present value of annual forage 




= 1.66 AUM/ha * $5.96/AUM 
= $9.89/ha 
= $9.89/ha * 9 . 1282oyr,9% 
= $90.28/ha 
Postponed forage= $90.28/ha - ($90.28/ha * 0.917 1 yr, 9%) 
= $7.49/ha 
Alternate forage = 0.27 AUM/ha * $5.96/AUM * 0.917 1 yr, 9% 
= $1.48/ha 
Total costs: $66.40/ha 
Added Net Present Value = $90.28/ha - $66.40/ha 
= $23.88/ha 
64 
The added net present values of reseeding the Upland Loam 
and the Upland Shallow Loam range sites infested with 
sagebrush were $27.58/ha ($11.17/ac) and $23.88/ha ($9.67/ac), 
respectively. This analysis demonstrates the importance of 
improving the best range sites first in order to maximize the 
net present value. 
A similar analysis was performed for the revegetation of 
the same range sites infested with pinyon-juniper. Costs of 
postponed and alternate forage and returns from increased 
forage for both sites were the same as the above analysis of 
a sagebrush infestation. O'Dell (1992) estimated that the 
cost of tree removal by double chaining on pinyon-juniper 
sites and aerial seeding was $119.84/ha ($48.50/ac). 
The added net present values of reseeding crested 
wheatgrass on Upland Loam and Upland Shallow Loam range sites 
infested with pinyon-juniper were -$34.83/ha (-$14.10/ac) and 
-$38 . 53/ha (-$15.59/ac), respectively (Table 23). This 
analysis also demonstrates the importance of improving the 
best range sites first (regardless of brush infestation type). 
Control of Sagebrush a nd Pinyan-Juniper. The previous 
analysis examined the revegetation of foothill ranges on the 
typical Utah ranch to increasing spring forage availability. 
Another alternative is to control unwanted vegetation on the 
seeded areas. The typical Utah ranch currently has 221 
hectares ( 545 acres) of crested wheatgrass foothill range 
producing 298 AUMs (Table 5), resulting in a current average 
production of 1. 35 AUM/ha ( O. 55 AUMs/ac). This production 
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Table 23. Added net present value of a crested wheatgrass 
seeding for two range sites on a pinyon-juniper infestation. 
Upland Loam 
Returns: 
Increased annual forage value 
Present value of annual forage 




= 1.76 AUM/ha 
= $10.499/ha 
= $10.49/ha * 
= $95.75/ha 
* $5.96/AUM 
9 .12820 yr ' 9% 
Postponed forage= $95.75/ha - ($95.75/ha * 0.917 1 yr, 9%) 
= $7.95/ha 
Alternate forage = 0.51 AUM/ha * $5.96/AUM * 0.917 1 yr, 9% 
= $2.79/ha 
Total costs : $130.58/ha 
Added Net Present Value = $95.75/ha - $130.58/ha 
= -$34.83/ha 
Upland Shallow Loam 
Returns: 
Increased annual forage value 
Present value of annual forage 
Total returns: $90 . 28/ha 
Costs: 
Initial: $119 . 84/ha 
Deferment: 
= 1.66 AUM/ha * $5 . 96/AUM 
= $9 . 89/ha 
= $9. 89/ha * 9 . 12820 yr, 9% 
= $90.28/ha 
Postponed forage = $90. 28/ha - ( $90. 28/ha * 0. 917 1 yr, 9%) 
= $7.49/ha 
Alternate forage= 0 . 27 AUM/ha * $5.96/AUM * 0.917 1yr, 9% 
= $1.48/ha 
Total costs: $128.81/ha 
Added Net Present Value = $90.28/ha - $128 . 81/ha 
= -$38 . 53/ha 
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rate is an average for the seeded areas and is somewhat less 
than the potential carrying capacity of revegetated rangelands 
(Table 21). The following analysis assumed that the areas 
improved were those most infested with brush. Therefore, the 
original carrying capacity would have been less than the 
average. Improvement of the most infested sites would 
alleviate some of the spring forage bottleneck. 
The following analysis examined controlling unwanted 
vegetation by burning and chemical means. Control success on 
a given range may vary with treatment used, vegetation type, 
soil type, precipitation, stocking rate, and the current 
environmental conditions. Tanaka and Workman (1988) analyzed 
a ranch and found an optimum big sagebrush kill rate of 92 to 
100 percent. This rate was the optimum for the derived demand 
and the cost of kill functions they used. The following 
analysis assumed a 90 percent kill rate. The value of forage, 
treatment life, percent forage (90), and percent utilization 
(50) were unchanged from the previous analysis. However, a 4 
percent real interest rate was combined with a lower 3 percent 
risk ( lower chance of failure when some of the vegetation 
remains) resulting in a 7 percent risk included real interest 
rate for the analysis (Tanaka and Workman 1988). 
Control of basin big sagebrush (Artemisia tridentata 
subsp. tridentata Nutt.) and Juniper ( Juniperus sp.) by 
burning and chemical treatment were analyzed ( Table 24). 
Herbage production of crested wheatgrass/sagebrush areas 
before and after treatments were taken from Tanaka (1986). 
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For the burning treatment, the costs for a 150-ha area were 
used (Tanaka 1986). All values were indexed to 1990. The 
added net present value (NPV) for the burning and tebuthiuron 
treatments were $47.22/ha ($19.11/ac) and $29.94/ha 
($12.12/ac), respectively (Table 24). 
Herbage production of crested wheatgrass/pinyon-juniper 
areas before and after treatments were taken from Clary 
(1987). Clary (1987) analyzed several papers and concluded 
that the total increased herbage production on areas following 
tree removal averaged about 560 kg/ha (500 lb/ac) and the 
average total herbage production after treatment would be 
approximately 900 kg/ha (800 lb/ac). However, Clary (1987) 
cautioned the reader that a high degree of variability existed 
in the data due to variation between soils, precipitation, 
elevation, and level of use. 
Cost information for the pinyon-juniper analysis was 
adapted from Tanaka and Workman (1988) because recent detailed 
economic studies on pinyon- juniper control do not exist. 
Bunting (1984) reported that the operational costs (excluding 
deferment and additional management) for burning pinyon-
juniper were approximately $11.12/ha ($4.50/ac) greater than 
for burning sagebrush because of the added cost of pre-burn 
preparation. The added operational cost was added to the cost 
of burning sagebrush reported by Tanaka and Workman (1986). 
Therefore, the overall cost of burning pinyon-juniper stands 
was approximately 38 percent more than that of burning 
sagebrush. Pinyan-juniper herbicide costs were based on the 
Table 24. Added net present values of sagebrush and pinyon-juniper control by burning 
and chemical treatments. 
Treatment 

















































a Net present benefit (NPB) = carrying capacity * $5. 96/AUM * 10. 594 2 oyr, 7-x, 









cost of sagebrush treatment and accounted for the required 
higher application rate [ 0. 28 kg/ha ( 0. 25 lb/ac) more for 
pinyon-juniper application amounting to an additional $4. 94/ha 
($2.00/ac)] (Rasmussen 1992). Dalen and Snyder (1987) 
cautioned that prescribed burning has limited use because 
livestock use must be deferred for at least one growing season 
to allow adequate fuel accumulation, and success required at 
least 60 percent of the trees be 1.2 meters (4 feet) tall or 
less and sufficient fine fuels to carry the fire. Retreatment 
was most economically efficient on high forage production 
sites where 85 percent of the trees were 1.8 meters (6 feet) 
high and tree density was between 10 to 50 trees/ha (25 to 125 
trees/ac) (Dalen and Snyder 1987) . A detailed example of a 
prescribed burn in Texas is explained by Rasmussen et al. 
(1988). 
Return on investment information was calculated in the 
same manner as the big sagebrush analysis above. The added 
NPV for the burning and tebuthiuron treatments were $13.43/ha 
($5.44/ac) and $2.33/ha ($0.94/ac), respectively (Table 24). 
Livestock Distribution 
Proper livestock distribution is essential to maximize 
the carrying capacity of the range and avoid overuse of key 
areas. Proper livestock distribution is essential to sound 
range management (Cook and Jefferies 1963, Cook 1964, Skovlin 
1965, Campsey 1991). There are many tools available to 
increase range carrying capacity, including proper water and 
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salt placement, herding, and short duration grazing. The 
following alternatives assumed that areas exist on the typical 
Utah ranch that would benefit from improved livestock 
distribution . 
Proper Water Placement . Increasing water developments 
are an excellent means of improving the uniformity of range 
utilization . Cook (1967) reported that 85 to 150 additional 
AUMs could be obtained from an additional new water 
development (pond or spring). 
The following analysis examined the feasibility of 
constructing ponds and springs to improve livestock 
distribution . Conservative estimates of 85 additional AUMs 
for each pond and 120 additional AUMs for each spring were 
used. Springs produced a greater number of AUMs because they 
are reliable for a longer portion of the grazing season. The 
average production for rangelands (native and improved 
combined) on the typical Utah ranch is 0 . 48 AUMs/ha ( 0. 20 
AUMs/ac). The increased land area served by a pond and spring 
was 177 ha (425 ac) and 250 ha (600 ac), respectively. 
Initial costs and present value of the annual costs were taken 
from USDA (1984), indexed to 1990 values and subtracted from 
the present value of annual benefits to determine the net 
present value of water improvements . Net present values for 
ponds and springs were $17.14/ha and $11.22/ha, respectively 
(Table 25). 
Proper Salt Placement. Proper salt placement has been 
shown to improve livestock distribution (Chapline and Talbot 
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Table 25. Net present value of livestock distribution 
improvements. 
Increased PV of PV of 
Carrying Annual Initial Annual 
Capacity Benefits a Costsb Costsc NPV 
Improvement (AUMs) ( $) ( $ ) ( $ ) ($/ha) 
Pond 85 5,367 2,122 212 17.14d 
Spring 120 7,577 3,182 1,589 11. 22e 
a Carrying capacity * $5. 96/AUM * 10. 5 94 20 y r ?% • 
b From USDA (1984) and indexed to 1990 (Tabie 1). 
c Annual cost from USDA ( 1984) multiplied by 10. 5 94 20 y r, 7 %. 
d $3,033 / 177 ha. 
e $2,806 I 250 ha . 
1926, Cook 1967, Workman and Hooper 1968). Salting away from 
water reduced the length of time cattle stayed close to water, 
increased the range area receiving proper use, and decreased 
the percentages of areas receiving light and heavy use on 
level rock-free rangeland in southern New Mexico (Ares 1936). 
Ares (1936) also found that after cattle licked salt which was 
placed away from water, they left to graze away from water . 
Cattle have also been found to average more than 7 hours 
between salt and water when the salt was placed 3/4 mile from 
water on California bunchgrass range (Bentley 1941). 
Studies have shown that improved livestock distribution 
can increase the carrying capacity of the range by as much as 
30 percent, as compared to poor salting or no salting (Cook 
1964). Salt is most effective for improving livestock 
distribution when slopes are less than 35 percent (Cook 1964). 
Cook (1967) found that proper salt placement increased the 
carrying capacity of the range by 18 . 6 percent. Martin and 
72 
Ward (1973) found similar results on areas of light and medium 
utilization after spring grazing. 
The following analysis examined the placement of salt on 
all private range forage areas (private lease, native 
foothill, and crested wheatgrass foothill ranges) of the 
typical Utah ranch. Federal permitted AUMs were not include 
since it is doubtful that better livestock distribution would 
result in an increase in permitted AUMs. However, if the 
permittee faced a decrease in permitted AUMs due to poor 
livestock distribution, the same analysis could be performed 
for federal permits. 
The analysis assumed that the typical ranch places salt 
close to water sources or in other areas of high use. The 
current carrying capacity of these ranges is 726 AUMs (Table 
5) . Improved distribution by proper salt placement would 
increase the carrying capacity by 13 5 AUMs. The increased 
land area served would be 281 ha (675 ac). The annual return 
of implementing proper salt placement would be $805 ($5.96/AUM 
* 135 AUMs). 
Most ranches currently feed salt supplement and the cost 
of the salt was not included in the analysis. Additional 
costs associated with proper salt placement include the time 
spent by one person and sufficient horses to transport the 
salt. Approximately 0.9 kg (2 pounds) of salt are required 
for each AUM. For the typical Utah ranch, proper salt 
placement would require one rider, one saddle horse, and one 
pack horse for 4 days (one day per month during the four month 
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grazing season). If the rider received $60/day (10 hours/day 
@ $6/hour) for labor and $5/day for the use of each horse, the 
total annual cost of salt placement would be $280. The annual 
net return of proper salt placement for the typical Utah ranch 
would be $525. 
Herding. Herding or drifting is another practice that 
has been shown to improve livestock distribution ( Skovlin 
1957, Cook 1964, Cook 1967, Workman and Hooper 1968). Cook 
(1967) found that herding livestock out of the canyon bottoms 
onto adjacent slopes increased forage utilization 20 percent 
on areas with slopes of 35 percent or less . Forty percent of 
the mountain rangeland area studied was comprised of slopes 35 
percent or less. Therefore, the total percent increased 
utilization for the pasture was 8 percent (0.20 * 0 . 40) . This 
increase could vary with rangeland terrain. 
As mentioned in the previous section, the current 
carrying capacity of the rangelands where herding (or salting) 
could be implemented is 726 AUMs. Improving the distribution 
of livestock by herding would increase the carrying capacity 
by 58 AUMs. The increased land area covered was 121 ha (290 
ac). The annual return of implementing herding would be $346 
( $5. 96/AUM * 58 AUMs) . The costs associated with herding 
included hiring a day laborer for 2 half days per week for the 
4 month grazing season. At $60/day for the rider and $5/day 
for the saddle horse, the total annual cost for herding would 
be $1,040. The annual net return of herding for the typical 
Utah ranch would be -$694. 
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Short Duration Grazing. Another alternative to 
increasing livestock forage is short duration grazing (SDG). 
SDG has recently been a controversial management alternative. 
Allan Savory developed the Holistic Resource Management (HRM) 
model in an attempt to instruct those who utilize rangelands 
to properly manage the range resource (Savory 1988). HRM is 
based on a management scheme of looking at the ranch 
holistically as apposed to looking at each aspect of the ranch 
individually. Once the goals of the ranch and the ecosystem 
are defined on a broad scale, different tools and guidelines 
are used to reach these goals. Grazing is one tool available 
to the resource manager. The type of grazing method used 
comes from the management guidelines within the HRM model 
( Savory 1988) . 
A "quick fix" grazing system, taken from a small portion 
of the HRM model by resource managers ( in an attempt to 
simplify the model), has become known as SDG. However, 
simplifying the model would change the results from those 
claimed by the founders of the HRM model. Savory and Parsons 
(1980) warned that early attempts of applying only portions of 
the model resulted in reduced conception rates, and reduced 
weaning and summer weight gains. 
Kothmann (1974, p. 25, 26) gave an early definition of 
SDG as "any grazing system of grazing management having a 
stocking density index of >2," where the stocking density 
index is defined as "the reciprocal of the fraction: land 
available to the animals at any one time/ land available to 
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the animals for the entire grazing period." More recently, 
the definition of SDG has become more ambiguous in its working 
definition. SDG was described by Heitschmidt and Walker 
(1983) as a one-herd, multi-pasture system. However, a 
precise definition does not exist and any definition of SDG 
should include specification of the following: 
1. Length of the grazing period (usually$ one week). 
2. Length of the rest period. 
3. Forage utilization (< 20 percent reduction in 
standing crop/ period). 
4. Rotation schedule geared to plant phenology. 
Generally, authors appear to work with unspecified 
definitions which include "increased" stocking rates for 
"short" periods of time, with "long" rest 
grazing events. Since SDG grazing systems 
periods between 
are potentially 
dissimilar, caution must be used when comparing the results 
obtained from different studies. 
Tintic SDG Project. Short duration grazing has been 
investigated by the Range Science Department at Utah State 
University on the Tintic Experimental Pastures in Juab County, 
Utah. Olson et al. (1989) described the facilities as a SDG 
cell consisting of 10 equal-sized 8. 4 ha ( 21 ac) paddocks 
radially arranged around a central watering point. The 
vegetation in the cell was seeded primarily crested wheatgrass 
[Agropyron desertorum (Fisch. ) Schult. and Agropyron cristatum 
(L.) Gaertn.] with a small portion seeded to intermediate 
wheatgrass [Agropyron intermedium (Host) Beauv.]. The cell 
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was stocked with 90 Angus replacement heifers and 3 to 5 
bulls, whereas the continuous-season-long grazing (CSLG) 
pasture was stocked with 30 heifers and 1 to 2 bulls. The 
stocking rate was 0.7 ha (1.7 ac) per AUM and the stocking 
density per paddock was 0.14 ha (0.35 ac) per AU on the SDG 
cell. The stocking rate was 0.7 ha (1.7 ac) per AUM and the 
stocking density was 1. 4 ha ( 3. 5 ac) per AU on the CSLG 
pasture (Olson 1986). Grazing periods on the SDG paddocks 
ranged from 1 to 3 days. Stock were generally left on the 
pastures for the months of May and June, depending on forage 
availability. 
Results from several studies completed on the cell are 
discussed below. Preliminary results of heifer reproduction 
showed that the conception rates of the heifers on the SDG 
system were lower than the conception rates of the heifers on 
continuous season-long grazing system (Warner 1986). The 
reduced conception rate was speculated to be caused by 
increased behavioral interference of one bull by another in 
the more confined conditions of the SDG cell (Warner 1986). 
Senft (1988) examined the hypothesis that the stocking 
rate under SDG could be 
stand integrity. Senft 
increased while maintaining grass 
(1988) reported that in dry and 
average precipitation years, cattle production per unit area 
was greater than under season-long grazing, but in wet years 
the production was similar in both systems. Constraining 
herbage utilization to 70 percent resulted in the SDG system 
(one grazing rotation per season) carrying 15 to 40 percent 
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more animals than the season-long grazing system under average 
or dry growing conditions, respectively (Senft 1988). Senft 
(1988) concluded that stocking rates could be increased 
slightly but only under limited conditions. 
Animal performance on SDG and season-long grazing systems 
was studied by Olson and Malechek (1988). Cattle gains under 
the SDG system were lower, similar, and greater than those of 
the season-long grazing system during the first, second, and 
third grazing season, respectively (Olson and Malechek 1988). 
The authors concluded that there was not a trend in favor of 
SDG but that several confounding factors existed (including 
changes in grazing management and cumulative grazing 
management effects). 
Nutritional quality of forage under the two systems was 
also studied by Olson and Malechek ( 1988). They concluded 
that no differences existed between the diet quality of SDG 
and season-long grazing during their study and that the 
hypothesis that SDG extends the season of nutritious forage 
was not supported ( Olson and Malechek 1988) . Olson et al. 
(1989) reported that diet quality declined significantly when 
cattle were left on a paddock for more than two days and 
stated that in the Tintic SDG cell, the grazing period per 
paddock should be limited to two days or less in order to 
maintain high levels of livestock performance on crested 
wheatgrass range. 
Balph and Malechek (1985) studied the effects of cattle 
trampling within the SDG cell. They concluded that hoof 
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action which has been thought to provide some benefit to SDG 
pastures was minimal. The destruction of standing dead 
vegetation which deters grazing did not occur ( Balph and 
Malechek 1985). Salihi ( 1985) found that seedling survival 
was less in grazed plots than in ungrazed plots due to hoof 
action. 
Hydrologic effects were also studied under SDG and 
season-long grazing . Wittman (1987) reported that 
infiltration rates were decreased more by SDG than by season-
long grazing with equal stocking rates. Wraith (1986) found 
that in a near monoculture, SDG removes the foliage evenly and 
may allow plants to extend their growing season because soil 
moisture is preserved. This same result may not occur in a 
mixed species pasture where non-palatable shrubs are present 
because shrubs utilize the available soil moisture thereby 
preventing palatable species from using it later in the season 
(Wraith 1986). 
Sagebrush invasion differences between continuous season-
long grazing and SDG were analyzed by Owens and Norton (1990). 
They found survival of juvenile big sagebrush was higher in 
the SDG cell and survival of juvenile big sagebrush within the 
cell was higher in a rhizomatous grass community than in a 
tussock grass community. 
Other SDG Projects. Studies of SDG have resulted in 
mixed results from other researchers. Sanders et al. (1986) 
reported that after a 5 year study of SDG on a crested 
wheatgrass seeding in southern Idaho, trend photos showed an 
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increase in plant vigor and density on the SDG system. In 
Texas, Heitschmidt (1986) reported that SDG resulted in 
decreased quantity and increased quality of available forage, 
increased soil erosion, decreased water infiltration rates, 
and increased cattle trails as compared to a moderately 
stocked year-long continuously grazed system. On the tall 
grass prairie, Gillen et al. ( 1991) found that different 
stocking rates on various SDG treatments did not affect plant 
frequency or forage utilization and the grazing schedule 
failed to affect any vegetation parameter over time. 
Another 7-year study in west Texas concluded that 
significant short-term increases in grazing capacity on large 
pastures come only from improved distribution, not from hoof 
action (Dahl 1986). Dahl (1986) also concluded that long time 
adherence to SDG would provide approximately 25 percent more 
grazing capacity through increased harvesting efficiency and 
improved range condition. However, increased capacity may 
only occur if proper stocking rates are applied. Angell 
(1986) also concluded that the increased grazing distribution 
provided by SDG was the primary factor for increasing stocking 
rates and management must pay close attention to the grazing 
pressure placed on each forage species. 
An economic analysis of SDG showed that if a 5 percent 
decrease in conception rates and a 25 pound decrease in 
weaning weights occurred, SDG would not be profitable (Quigley 
1986). Quigley (1986) also pointed out that the risks of 
80 
implementing SDG are greater than the risks associated with 
conventional systems. 
Tiedemann et al. ( 1986) cautioned that because of the 
increased plant removal of SDG, commercial fertilizer may have 
to be added to maintain productivity. Tiedemann et al. (1986) 
reported that nitrogen loss associated with SDG was 2-7 times 
greater than that of other conventional systems. 
In New Mexico, SDG had no beneficial effect on the 
hydrology of 2 different range sites and moderate continuous 
grazing was superior to heavy continuous grazing and SDG, 
based on hydrologic variables evaluated (Weltz and Wood 1986). 
Weltz and Wood (1986) also found cattle distribution among 
different grazing systems had no effect on infiltration rates 
at 0.4, 0.8, and 1.2 km away from water for moderate 
continuous, heavy continuous, and the short duration grazing 
systems, respectively. Warren et al. (1986) found the 
infiltration rate decreased and sediment production increased 
on a site with a silty clay soil surface after periodic 
trampling, typical of intensive rotational grazing systems. 
The results of SDG are varied and depend on many factors, 
including precipitation, soil type, soil moisture, elevation, 
slope, vegetation type, stocking rate, stocking density, and 
management. Other examples of recent research in SDG include 
White et al. (1991), Motazedian and Sharrow (1990), Bailey et 
al. ( 1990), McKown et al. ( 1991), and Taylor and Kothmann 
(1990). Pieper and Heitschmidt (1988) gave a good explanat i on 
of SDG and how it compared with other grazing systems. 
Economic Analysis of SDG. 
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Short duration grazing has 
been promoted as a system in which the stocking rate of a 
particular range can be doubled while improving the resource 
simultaneously . The research reviewed above does not 
substantiate this claim of Allan Savory (possibly because the 
entire HRM model was not used). These differing results make 
it difficult to perform an economic analysis on SDG. 
Therefore, the following analysis examined the costs of 
implementing a SDG cell and determined the increase in 
stocking rate that would be necessary to make it an 
economically feasible alternative. 
The costs for the implementation of an 84 ha (210 ac) SDG 
cell were taken from Olson (1986) and indexed to 1990 values 
(Table 1) . Project life was assumed to be 20 years and a 7 
percent risk included real interest rate was used. In order 
to make SDG economically feasible the carrying capacity would 
have to increase by 120 AUMs ( Table 26), resulting in an 
increased carrying capacity of 1.43 AUMs/ha (0.57 AUMs/ac). 
Two vegetation types are available on the typical Utah 
ranch for the implementation of a SDG cell, native foothill 
range and crested wheatgrass foothill range. The native 
foothill ranges currently produce 180 AUMs on 539 hectares 
(1331 acres) and the crested wheatgrass foothill ranges 
currently produce 298 AUMs on 221 hectares (545 acres). A SDG 
cell could be implemented on either range. The current 
average production for the native and crested wheatgrass 
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Table 26. Calculation of increased grazing capacity required 









10.594 2 oyr, ?% = $1,176 
assume 7 hours/week for an 8 
grazing season at $8.00/hour. 
PV = $448 * 10. 594 2 oyr, 7% = $4,746 
Present Value of Costs = $7,585 
Required Benefit: 
week 
PV of AUMs: $5.96/AUM * 10.594 2 oyr, 7 % = $63.14/AUM 
Additional AUMs: $7,585/$63.14/AUM = 120 AUMs 
foothill ranges are 0.35 AUM/ha (0.14 AUM/ac) and 1.35 AUM/ha 
(0.55 AUM/ac), respectively. 
Implementing a SDG cell on the native and crested 
wheatgrass foothill ranges would require a total production of 
1. 78 AUM/ha ( 0. 71 AUM/ac) and 2. 78 AUM/ha ( 1.12 AUM/ac), 
respectively. The carrying capacities of the native and 
crested wheatgrass foothill ranges would have to increase by 
approximately 500 and 200 percent, respectively . Therefore, 
implementation of a SDG cell on the best available native 
range site (Upland Loam) would have to improve range condition 
to at least "good" in order to be economically feasible for 
the typical Utah ranch. The research referred to above does 
not support improved range condition under SDG. It is also 
unlikely that SDG on the crested wheatgrass foothill range 
would be economically feasible with improved condition (Table 
27). There is also a very short growing season in Utah (20-60 
Table 27. Forage production from an Upland Loam 
conditionsa. 
Condition Herbage Forage Util-
Class ization 
(kg/ha) * ( % ) * (%) = 
Native Range: 
Poor 1,318 23 50 
Fair 1,328 58 50 
Good 1,511 80 50 
Potential 1,525 87 50 
Crested Wheatgrass Range: 
Good 1,511 90 50 
a Adapted from Tanaka and Workman (1988). 
range site in various 
Usable Forage 
Forage Req. 


















days) where favorable temperatures and adequate moisture are 
available. 
Crop Options 
The typical Utah ranch currently feeds supplemental hay 
for approximately 5 months of the year. Feeding hay involves 
high machinery and equipment investments as well as high use 
of fossil fuels. Several alternatives exist that could 
potentially reduce these high costs for the typical ranch, 
thereby increasing the net variable cash ranch income. The 
following sections examined several alternatives to minimize 
crop expenditures. 
The typical Utah ranch currently produces grain crops on 
31 hectares (77 acres) . Currently, the typical ranch spends 
approximately $1,700 on machine hire. Miller (1992) estimated 
that the 1990 cost of combining was $62/ha ($25/ac) . The cost 
of combining was approximately the same as the expense of 
machine hire. Therefore, it was assumed that the typical 
ranch does not own a combine. The machinery used for soil 
preparation, drilling, and hauling for the grain crops was 
considered to be the same machinery used for hay production. 
The current variable costs associated with conventional 
hay production are production costs and labor required for 
feeding. The production and labor costs are $11,799 
($28.50/ton * 414 ton) and $2,484 ($6/ton * 414 ton), 
respectively. The total annual costs of producing and feeding 
hay under the current operation are $14,283. 
85 
Bunch Raking Hay 
Bunch raking hay is a process by which hay is swathed and 
dump raked into approximately 180 kg (400 pound) piles at the 
end of the growing season. These piles are then grazed during 
late fall and early winter when not covered by snow. Grazing 
of bunch raked pastures is controlled by New Zealand-type 
electric fence. The fence is moved at approximately one week 
intervals in order to allow cattle to continuously graze fresh 
piles. Properly managed bunch raked hay can remain available 
even during harsh periods (Turner and Angell 1987) . 
The typical Utah ranch produces 414 tons of hay (alfalfa 
and grass) on 4 7 hectares ( 116 acres) . Turner and Angell 
( 1987) reported that the cost of putting up baled hay was 
$27/ton and the cost of swathing and bunching was $11/ton. 
Indexing these values to 1990 (Table 1) results in $28 . 50/ton 
and $11 . 60/ton for baled and bunched hay, respectively. Using 
$28. 50/ton as the cost of current hay production methods, 
results in 60 percent of typical Utah ranch's variable costs 
(hired labor, repairs and maintenance, and fuel and oil) which 
is similar to other estimates for intermountain ranches 
(Simonds 1980). The current variable costs of baling hay for 
the typical Utah ranch is $251.04/ha ($28.50/ton * 414 ton/ 
4 7 ha) . 
The following analysis examined bunch raking hay as an 
alternative to decrease crop production expenses during 3 
months of the 5-month hay feeding period. The costs of bunch 
raking include purchase of a dump rake, swathing and bunching, 
fencing, a stock water facility, and labor. 
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The estimated 
purchase price of a dump rake was $600. The fencing material 
required was one-half mile of portable electric fence with 
step down posts at $1,200/mile (USDI-BLM\USDA-FS 1988). The 
watering trough expense included one 1,000 gallon trough at 
$500 (USDA 1984). Labor for moving fences was calculated at 
$6.00/hr for 4 hours per week during late spring and early 
winter. The dump rake and fencing material were amortized 
over a 10-year period, and the water trough was amortized over 
a 20-year period. A 7 percent risk included real interest 
rate was used. 
The 1990 modified ranch income statement (Table 13) was 
reported in nominal prices. However, since the fencing, water 
trough, and bunch rake costs were amortized to determine an 
annual cost for 1990, a real (inflation free) interest rate 
was used. Using a real interest rate consistently throughout 
the analysis will allow comparisons among alternatives to be 
made. 
Feeding bunch raked hay 3 of the 5 months required the 
equivalent of 376 AUMs ( Table 5) or 145 tons to be bunch 
raked. The typical Utah ranch averages approximately two 
crops per year producing 8.81 tons/ha (3.57 tons/ac). Six 
hectares (15ac) of the hayfields produce grass hay. The grass 
hayfield currently produces 32.4 tons of hay (84 AUMs). In 
order to bunch rake 112.6 (145 - 32.4) tons of second crop 
alfalfa hay, 32 hectares of alfalfa were used. The annual 
costs of implementing bunch raking were $2.67/ha ($85.43 / 32 
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ha), $52. 56/ha ( $11 . 60/ton * 145 ton / 32 ha), $2. 67 /ha 
($85 . 43 / 32 ha), $1.48/ha ($47.20 / 32 ha), and $9.00/ha 
(($6.00/hr * 4 hr/day * 12 days) / 32 ha)) for dump rake 
purchase amortization, swathing and bunching, fencing 
amortization, water trough amortization, and labor, 
respectively. Total annual cost of the bunch raked area was 
$2,188. Production cost for the baled hay area was $7,667 
($28.50/ton * 269 ton). The labor required for feeding hay 
was estimated to be $1,614 ($6/ton * 269 ton). The overall 
total annual cost of implementing bunch raking for 3 months of 
the 5 month feeding period into the current hay production 
operation was $11,469 . 
Winter Grazing 
Grazing for part of the winter is another alternative to 
feeding hay. Winter grazing would allow ranchers to reduce 
variable costs associated with crop production. Many winters 
are mild enough to allow grazing for most of the season, but 
there is always the risk of either heavy snow covering the 
forage or low forage quality requiring supplementation . 
Turner and Angell (1987) conducted a 3-year study 
comparing conventional hay production, bunch raking, and 
winter grazing . They found winter-grazed cows still required 
conventional feeding for much of the winter because the 
standing forage was covered with snow. They also found that 
winter-grazed cows lost significantly more weight, had a lower 
conception rate, a higher cull rate, and overall costs were 
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similar to the conventionally fed group. Because of the high 
variation in winter conditions throughout Utah and the lack of 
positive results, an economic analysis of winter grazing was 
not performed. 
Custom Harvesting of Hay 
To minimize the high expense of ranch-owned hay 
machinery, ranchers could custom hire nearby farmers to 
harvest their hay crops. This practice would eliminate the 
capital investment required for crop harvesting. The major 
drawbacks of custom harvesting include: availability of custom 
harvesters, proper timing of harvest, price, and quality of 
work (i.e., proper conditions for quality production). 
The following analysis examined the feasibility of custom 
harvesting crops using only variable costs. Fixed costs were 
not included because ownership of the machinery and equipment 
was retained for use when custom harvesters were unavailable. 
Once the individual rancher has established dependable custom 
operators, the machinery and equipment associated with hay 
harvesting could be sold (or not replaced). 
Custom harvesting was analyzed under two scenarios, grass 
hayfields grazed and alfalfa hayfields custom harvested or all 
hay custom harvested. 
The first scenario examined grazing of grass hayfields 
and custom harvesting alfalfa hayfields. Six hectares (15 ac) 
of the hayfields produce grass hay. The grass hayfields were 
taken out of production and used for grazing. The grass 
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hayfield currently produces 32.4 tons of hay (84 AUMs). The 
value of the forage was $5.96/AUM ($8.52/AUM * 70 percent due 
to forage). The $8. 52/AUM value used was the three year, 
market year average price (1988-1990) for cattle grazing 
privately owned non-irrigated land in Utah (USDA/ERS 1991). 
Revenue from the grass hayfield converted to pasture was $501 
($5.96/AUM * 84 AUM). 
Custom harvesting prices were estimated by Miller (1992). 
The costs of custom harvesting were assumed to be $30/ha 
($12/ac) for swathing, $0.35/bale for baling, and $0.30/bale 
for hauling small bales with a bale wagon. Total costs of 
custom harvesting and grazing grass hayfields were $1,230 
($30/ha * 41 ha), $4,011 ($0.35/bale * 30 bales/ton * 382 
tons), and $3,438 ($0.30/bale * 30 bales/ton* 382 tons) for 
swathing, baling, and hauling, respectively. The feeding 
costs were $2,292 ($6/ton * 382 tons). The total net annual 
costs for the custom harvesting-grazing grass hayfields option 
were $10,470 ($10,971 - $501). 
The second scenario examined custom harvesting of all 
hayfields (47 ha). The total production of the hayfields was 
414 tons. The total costs of custom harvesting all hayfields 
were $1,410 ($30/ha * 47 ha), $4,347 ($0.35/bale * 30 
bales/ton* 414 tons), and $3,726 ($0.30/bale * 30 bales/ton 
* 414 tons) for swathing, baling, and hauling, respectively. 
Feeding costs were $2,292 ( $6/ton * 414 tons). The total 
annual cost for custom harvesting all hayfields was $11,775. 
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Purchasing Hay 
Purchasing hay would also allow ranchers to eliminate the 
need for owning and operating hay machinery. The major 
drawbacks of purchasing hay include: availability of hay to 
purchase, price of hay, and quality of purchased hay. 
The total annual costs of purchasing hay would be the 
same as those for custom harvesting. Purchasing hay would 
require selling the hay from the currently harvested 
hayfields. The value of this hay "on the stump" would be the 
difference between the current market price of hay and the 
cost of harvesting. Therefore, whether hay is purchased or 
custom harvested the total annual costs would be the same. 
For this reason, an economic analysis of purchasing hay was 
not performed. 
Economic Analysis 
The costs associated with the crop alternatives are 
compared in Table 28. Net decreased cost was calculated by 
subtracting the costs of alternative methods from the current 
conventional method (Table 28). Net decreased costs increase 
the net variable cash ranch income in the same way that 
increased revenue does. 
Linear Programming Analysis 
Linear programming (LP) was used to determine the optimum 
combination and production levels of the cattle, range forage, 
and crop options to maximize net variable cash ranch income 
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Table 28. Economic comparison of crop alternatives. 
Alternative Total Cost Net Decreased Cost 
( $) ( $ ) 
Current 14,283 
Bunch raking 11,469 2,814 
Custom harvesting 
Grass hayfields grazed 10,470 3,813 
All hayfields harvested 11,775 2,508 
for the typical Utah ranch. The range forage and crop options 
were added to the LP analysis to alleviate stock water and 
forage deficiencies. Four scenarios (upland loam sagebrush, 
upland shallow loam sagebrush, upland loam pinyon-juniper, and 
upland shallow loam pinyon-juniper) were analyzed to 
accommodate range site and brush infestation type. 
Model Description 
The LP models included 16 potential cattle options, 11 
potential range forage options, 3 potential crop options, and 
one variable which allowed outside labor to be hired on a per 
hour basis for each scenario. The entire model including all 
four scenarios is found in Appendix C. Table 29 lists the 
variables used for each range forage and crop option. 
Variables for cattle options were shown previously (Table 17). 
Objective function coefficients were net variable cash ranch 
income/brood cow for cattle options, decreased net variable 
cash ranch income/hectare improved for burning, chemical, and 
mechanical treatments, decreased net variable cash ranch 
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Table 29. Additional variables used for linear programming 































Sagebrush revegetation of Upland Loam range site to 
increase April forage. 
Sagebrush revegetation of Upland Loam range site to 
increase May forage. 
Sagebrush revegetation of Upland Loam range site to 
increase June forage. 
Sagebrush revegetation of Upland Shallow Loam range 
site to increase April forage. 
Sagebrush revegetation of Upland Shallow Loam range 
site to increase May forage. 
Sagebrush revegetation of Upland Shallow Loam range 
site to increase June forage . 
Pinyon-juniper revegetation of Upland Lo am range 
site to increase April forage. 
Pinyon-juniper revegetation of Upland Loam range 
site to increase May forage. 
Pinyon-juniper revegetation of Upland Loam range 
site to increase June forage. 
Pinyon-juniper revegetation of Upland Shallow Loam 
range site to increase April forage. 
Pinyon-juniper revegetation of Upland Shallow Loam 
range site to increase May forage . 
Pinyon-juniper revegetation of Upland Shallow Loam 
range site to increase June forage. 
Sagebrush burned to increase April forage. 
Sagebrush burned to increase May forage. 
Sagebrush burned to increase June forage. 
Sagebrush chemically treated to increase April 
forage . 
Sagebrush chemically treated to increase May 
forage. 
Sagebrush chemically treated to increase June 
forage. 
Pinyon-juniper burned to increase April forage. 
Pinyon-juniper burned to increase May forage. 
Pinyon-juniper burned to increase June forage. 
Pinyon-juniper chemically treated to increase April 
forage . 
Pinyon-juniper chemically treated to increase May 
forage. 
Pinyon-juniper chemically treated to increase June 
forage. 
Pond constructed to increase June forage. 
Pond constructed to increase July forage. 
Pond constructed to increase August forage. 
















Spring constructed to increase June forage. 
Spring constructed to increase July forage. 
Spring constructed to increase August forage. 
Spring constructed to increase September forage. 
Salt properly placed to increase June forage. 
Salt properly placed to increase July forage. 
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Salt properly placed to increase August forage. 
Salt properly placed to increase September forage. 
Bunch raking hay. 
Custom harvesting alfalfa hayfields and grazing 
grass hayfields. 
Custom harvesting all hayfields . 
Hired labor. 
income/range distribution option (pond, spring, and salting), 
increased net variable cash ranch income/ crop option, and 
decreased net variable cash ranch income/hour of labor hired. 
Objective function coefficients for sagebrush and pinyon-
juniper revegetation projects were based on amortized 
investments (20 years, 9 percent risk included real interest 
rate) to determine the decrease in net variable cash ranch 
income for 1990. Objective function coefficients for brush 
control projects, pond, and spring construction were based on 
amortized investments (20 years, 7 percent risk included real 
interest rate) to also determine the decrease in net variable 
cash ranch income for 1990. The total cost of the salting 
project was divided among the four summer months. 
Constraints were labor, livestock investment, short-term 
capital, forage, range site and brush type, number of water 
developments, proper salt placement (month), and crops (1 of 
3 selected) . Coefficients for labor, livestock investment, 
short-term capital, and forage for the cattle options were 
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described previously. Hired labor allowed the RHS value for 
labor to increase if necessary. Livestock investment RHS 
values were increased to $260,000 to allow for herd expansion. 
The RHS value for short-term capital was decreased to 50 
percent of the livestock investment value ($130,000) to be 
considered a "safe" loan. Short-term capital coefficients for 
range revegetation projects were based on amortized 
investments (20 years, 9 percent risk included real interest 
rate) to determine the increased short-term capital 
requirement for 1990. Short-term capital coefficients for 
brush control, pond, and spring construction were based on 
amortized investments (20 years, 7 percent risk included real 
interest rate) to determine the increased short-term capital 
requirement for 1990. Short-term capital coefficients for the 
salting and crop harvest options increased and decreased the 
short-term capital requirement, respectively. Hired labor was 
valued at $6/hour and increased the short-term capital 
requirement. 
Coefficients for 




forage options allowed the 
constraints for appropriate 
Range site and brush type coefficients for each scenario 
(upland loam sagebrush, upland shallow loam sagebrush, upland 
loam pinyon-juniper, and upland shallow loam pinyon-juniper), 
allowed only the variables pertaining to the respective 
scenario to be used. The RHS value for each scenario was 
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limited to 221 hectares, the maximum number of hectares of 
brush-infested crested wheatgrass foothill range considered. 
The water development constraint allowed a maximum of 
only two developments for the total land area. The typical 
Utah ranch can only support two water developments on the 
native foothill ranges. 
Salt placement was constrained by the total land area 
available and was separated into the four summer months (June 
- September). One-fourth of the additional AUMs from proper 
salt placement was allotted to each month. 
Crop harvest options were constrained to allow the 
selection of only one option for each analysis . 
Model Analysis 
Big Sagebrush Type 
The optimum combination of cattle, range forage, and crop 
options for the big sagebrush type was determined using LP. 
The most profitable combination ran 266 brood cows under the 
0' Connor Management System. Sagebrush was burned on 14 7. 2 
hectares of crested wheatgrass foothill range to increase 
April, May, and June forage. One pond was constructed to 
increase July forage utilization. Proper salt placement was 
necessary for the month of June. Grass hayfields were grazed 
and the alfalfa hayfields were custom harvested. The extra 
labor required was 808 hours. The maximum net variable cash 
ranch income was $56,145 compared to $45,152 and $31,278 
(Table 13) for the O'Connor Management System without range 
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forage improvements and the typical Utah cow-calf operation, 
respectively. The short-term capital required was $76,426. 
April forage, May forage, June forage, and June salting 
were the binding constraints with shadow prices of $2. 27, 
$2.27, $2.27, and $6.70, respectively. Therefore, up to $2.27 
could be paid for one more AUM of forage in May, June, and 
July and up to $6.70 could be paid for proper salt placement 
in June. If one AUM of for age could be purchased for 
$2. 27 /AUM or less or if proper salt placement could be 
implemented for $6. 70 or less, the optimal solution would 
change. Therefore, at the current prices of $5. 96/AUM for 
forage and $70/month for proper salt placement, the optimal 
solution appears stable. 
Pinyon-Juniper Type 
The optimum combination of cattle, range forage, and crop 
options for the pinyon-juniper type was determined using LP. 
The most profitable combination ran 266 brood cows under the 
O'Connor Management System. 
135.3 hectares of crested 
Pinyan- juniper was burned on 
wheatgrass foothill range to 
increase April and May forage. Two ponds were constructed to 
increase June and July for age. Proper salt placement was 
necessary for 1.5 weeks in June. Grass hayfields were grazed 
and the alfalfa hayfields were custom harvested. The extra 
labor required was 808 hours. The maximum net variable cash 
ranch income was $55,861 compared to $45,152 and $31,278 
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( Table 13) for the O'Connor system without range forage 
improvements and the typical Utah cow-calf operation, 
respectively. The short-term capital required was $76,711. 
April for age, May for age, and June forage were the 
binding constraints with a shadow prices of $4.47/AUM, 
$4.47/AUM, and $2.07/AUM, respectively. Therefore, up to 
$4.47 and $2.07 could be paid for one more AUM of forage in 
May and June, and July, respectively. If one AUM of forage 
could be purchased in May and June, and July for $4.47/AUM and 
$2.07/AUM or less, respectively, the optimal solution would 
change. At the current price of $5. 96/AUM for forage the 
optimal solution appears stable. 
Restricted Analysis 
It may not be possible for ranch managers to achieve the 
optimum combination of inputs. Therefore, LP analysis was re-
run for each range site and brush type after eliminating the 
optimum range forage option. Table 30 shows the complete 
analysis, Table 31 the analysis after eliminating the burning 
option, and Table 32 the analysis after eliminating both the 
burning and chemical options. 
A similar approach was applied to the cattle options for 
the Upland Loam sagebrush scenario. For example, the OMS (the 
most profitable option) was removed resulting in the selection 
of the next best option (TERMB). This process was continued 
until the typical Utah cow-calf operation came into solution 
Table 30. Linear programming analysis of 
April May June 
Burn Burn Burn 
Brush Type (ha) (ha) (ha) 
Sagebrush 36.4 58 . 7 52.1 
Pinyon-Juniper 51. 8 83.5 
Table 31. Linear programming analysis of 
April May June 
Chem. Chem. Pond 
Brush Type (ha) (ha) ( # ) 
Sagebrush 36.4 58.7 1 










( #) (wks) 
1 1. 5 
1 1.5 
June Short Term Objective 
Salt Capital Function 
(wks) ($) ( $) 
4.0 76,426 56,145 
1. 5 76,711 55,861 
burning option eliminated. 
Short Term Objective 
Capital Function 





Table 32. Linear programming analysis of range site and brush type scenarios, burning 
and chemical options eliminated. 
April May June July June Short Term Objective 
Reveg. Reveg. Pond Pond Salt Capital Function 
Scenario (ha) (ha) (#) ( # ) (wks) ( $ ) ( $) 
Upland Loam 
Sagebrush 25.0 40 . 3 1 1 1. 5 76,685 55,887 
Upland Shallow 
Loam Sagebrush 26 . 5 42.8 1 1 1. 5 76,700 55,872 
Upland Loam 
Pinyon-Juniper 25.0 40 . 3 1 1 1. 5 77,131 55,440 
Upland Shallow 
Loam Pinyon-Juniper 26 . 5 42.8 1 1 1. 5 76,174 55,397 
( Table 33) . 
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Table 33 demonstrates what happened to net 
variable cash ranch income (objective function value) as each 
option was removed. 
Ranch managers may also consider their current livestock 
option to be adequate. Therefore, a LP analysis of range 
forage and crop options using the typical Utah cow-calf 
operation selling excess feed (TUCCSEF) was performed for all 
four scenarios to determine the optimum combination of these 
options (Table 34) . The optimum number of brood cows for each 
scenario was 245 head. Grass hayfields were grazed and the 
alfalfa hayfields were custom harvested. 
Table 33. Linear programming analysis of Upland Loam sagebrush scenario, successively 
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a Both TERMBPR and SELLEXWC options run simultaneously. 
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Table 34. Linear programming analysis of range forage and crop options for the typical 
Utah cow-calf selling excess forage option. 
April May July Short Term Objective 
Burn Burn Salt Capital Function 
Brush Type (ha) (ha) (wks) ( $) ( $) 
Sagebrush 15.3 37.6 1 64,838 42,749 
Pinyon-Juniper 21. 8 53.5 1 64,978 42,608 
102 
SUMMARY AND CONCLUSIONS 
Ranch owners and managers have many cattle, range, and 
crop alternatives available which may potentially increase the 
profitability of the operation. Deciding which alternatives 
to implement often relies on the "best guess" of the manager. 
Linear programming is a tool readily available to ranchers 
which can allow them to examine the total ranch operation and 
reduce the amount of uncertainty involved in the decision 
making process. 
The typical Utah ranch was formulated from 96 individual 
ranch profiles running 100 to 300 brood cows. The typical 
Utah ranch runs 196 brood cows as a cow-calf operation. The 
net variable cash ranch income in 1990 was $31,278. 
A total of 16 cattle options were considered to determine 
the optimal combination and level of options, the most 
efficient individual option, and the limiting constraints. 
The optimal solution ran 208 brood cows under the O'Connor 
Management System. The net variable cash ranch income was 
$45,152. The analysis showed that spring forag e was the 
limiting constraint restricting herd size. 
A series of potential range improvements were then 
analyzed in an attempt to alleviate the spring forage 
bottleneck. Crop production techniques to decrease annual 
variable cash costs were also analyzed. 
Sixteen cattle options, 11 range forage options, and 3 
crop options were examined to determine the optimum 
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combination of cattle, range forage, and crop options to 
maximize the net variable cash ranch income for the typical 
Utah ranch. Four scenarios based on range site and brush 
infestation type were also compared to add flexibility to the 
model. 
The optimal cattle option ran 266 brood cows under the 
O'Connor Management System to yield the maximum net variable 
cash ranch income. In all runs, burning of brush infestation 
on crested wheatgrass foothill ranges was the most 
economically efficient range forage option. Grazing grass 
hayfields and custom harvesting alfalfa hayfields was the most 
economically efficient crop option in all runs. When the 
O'Connor Management System was included, it was necessary to 
construct one or two ponds to increase forage. In some cases 
it was also necessary to properly distribute salt for part of 
the grazing season. The optimum combination of improvements 
required 808 hours of off-ranch hired labor. The net variable 
cash ranch income after burning sagebrush or pinyon-juniper 
infestation types was $56,145 and $55,861, respectively. 
Linear programming is a useful tool to determine the 
optimum combination of improvements for the typical Utah 
ranch. Ranch owners and managers must remember that the 
solutions derived in the above model are based on averages and 
are intended as guidelines for individual ranches. Individual 
ranch results would vary depending on the current management 
system and input and product prices. 
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Typical Utah Ranch Data Set 
Identification 
AD, Sa~le Avg, => 1990 
Oak Ck, Sa~le Avg, indexed=> 1990 
RB, Sa~le Avg, indexed=> 1990 
RB, Sa~le Avg, indexed=> 1990 
MX, Sa~le Avg 
AD, TC, RB, MX, Sa~le Averages 
: Livestock Production, Herd Description. Calves 






Cows Source Date I 
Brood % Rp 
Cows Repl Death Death Cows Bull Horses Born as% Calves 
Calving Weaned 
13 I 100·300 Avg I 194 AD 
11 I 100·300 Avg I 147 TC 
33 I 100· 150 Avg I 140 RB 
28 I 250-300 Avg I 287 RB 
11 I 100-300 Avg I 182 AT 
96 I 100-300 Avg I 196 
I 
84 I 194 
19 I 141 
11 I 140 
n I 281 
19 I 182 







1st Br Loss Loss 
14 3 2 1031 
15 4 2 1000 
14 4 980 
15 5 980 
3 3 938 
14 3.92 2.34 984 
Ratio 
29 3 175 90 167 
30 5 139 95 134 
28 4 106 76 99 
24 9 217 76 202 
31 4 162 89 155 




: Livestock Sales 
# Wean Sale Sale Yearling Sale Sale% calves, 
As% I Wt Str Wt Hfr Sale As% Wt Str Wt Hfr Yrlings 

























625 570 16 
630 575 31 
0 
600 600 0 
687 633 0 
626 595 6 
* :Feed Sources * :Leased Priva 
Sale Wt Sale Wt Wt FS S S S S S S S BLM S S S S S S S State S S S S S S S I Ls #1 
Fed Fed Cull I tot####### Tot####### Tot####### JAc Nat 




919 1017 I 367 1 1 1 1 1 
1000 I 177 
980 I 340 
980 I 728 
938 I 139 
919 982 I 415 
1 1 1 
1 1 1 






58 1 1 1 1 951 159 
0 439 51 
1 1 0 1950 195 
1 1 0 I 3043 373 
32 116 14 
11 1750 205 





Meadow AUMs Meadow AUMs 
219 77 161 123 
14 11 
93 71 





















: Owned Private Range and Pasture 
Tot Ac Tot AUM Rg #1 Rg #2 
Private Private I Ac Desert Ac Nat 


















30 3 1331 
Rg #3 Rg #4 Rg #5 
Ac Mt Low Ac CW 
AUMs Meadow AUMs Meadow AUMs FHill AUMs 
310 183 214 422 154 
413 107 255 571 312 
140 48 108 
79 168 378 634 382 
167 71 510 440 241 














Tot AUM Crop #1 Tons Crop #2 Tons 
Private I Acres Per Tons Aft Acres Per Tons Aft 
owned I Alfalfa Acre Sold AUMs Gr Hay Acre Sold AUMs 






112 4.9 23 144 
143 4.7 50 203 
54 3.5 0 77 
97 3.0 0 147 
200 4.4 376 273 
101 3.78 52 143 
39 2.2 72 
73 1.0 174 
0 
0 
12 3.3 55 
15 2.16 99 
* 
Crop #3 Bushels Bushels 
Acres Per Sold Aft 
Barley Acre AUMs 
51 109 3 13 
53 83 0 14 
15 77 0 4 
38 69 0 10 
19 46 350 5 










: Purchased feed : Winter 
Bushels Bushels Hay Prot Barl Purch lbs/ 
per Sold Aft I 
Acre AUMs I 
Block Corn Bloat I head/ 




o 99 I 20 
1890 49 I 35 
0 4 I 28 














Feed : Sources Personal Disp. Inc. 
Total Cattle Other Crops Land Non-
Tons I Live- Lease Farm 
Fed I stock 





V V V V V V V V 
Labor Repairs Inter- Rent of Feed Seed Machine Vet 
Hired Maint est Farm Purch Purchase Hire Med 
L-32 L-33 L-34 L-35 L-36 L-37 L-39 L-42 
V V V 
Fuel Insur- Util-
Oil ance ities 
L-43 L-46 L-47 
84335 I 12190 5780 7990 1539 7452 2635 1678 756 8676 1557 1177 511 I 79255 
78738 o 26085 1251 2960 109040 I 3421 6304 1623 9953 6431 1944 658 8252 2050 1156 
36722 0 0 0 0 
n888 0 0 0 0 
382 I 
455 I 62225 14 4004 163 518 
36722 I 2011 
11888 I 10409 







3502 1236 369 4392 484 1030 
5400 2159 1101 7335 1456 1456 
4373 1699 707 6516 1171 1209 
V V V 
Freight I rri - Federal 
Truck gation Gr Fees 
L-48 Cost 
201 636 1585 
1n4 8524 1160 
1494 2421 
5733 5911 




* Returns to Investment: Ranch Labor * Overhead 
V V - - - - - - - - ----- - - -- - - --- - - - - - - - - -- - - - - -- - - -- - - -- - - - - - - - - - - - - - - - - -- -- - - -- - - - - - - - - -- - - - -- - - - - -- - - - - --- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - I 
Stock Misc Taxes Depre- Total Fixed Var R/ R/ I Owner Family Empl Empl Total I Invest. Invest. Invest. Invest. Invest. I 
Purchase other ciation Deduct Costs Costs /VC /TC I Person Person Full-T Part-T Person I Live- Land & Mach & Bldings Improve- I 
L-45 L-53 L-55 I Months Months Months I stock Permits Equip ments I 
------------------------------------------------------------------------------------------------------------------------------------------------1 
583 4751 2954 14899 77639 59787 24548 I 10 7 6 2 22 I I 
-------------------------------------------- ------------------------------------------------------------ ----- ------------- ----------------- -----1 
9442 795 3064 66556 63492 45548 I 24 I I 
-------------------------- -- --------- -------------- ---- ---------------- --- -- ----------------------- -- -------------- ------------------------ -----1 
1365 1816 2453 6791 41472 32227 4495 I I 91316 394675 26026 6496 10542 I 
------------------------------------------------------------------------------------------------------------------------------------------------1 
4095 2377 4213 15130 94990 75646 2242 I I 212826 632403 54809 6090 61312 I 
------------------------------------------------------------------------------------------------------------------------------------------------1 
I 14 10 3 3 30 I I 
------------------------------------------------------------------------------------------------------------------------------------------------1 
3190 2318 3189 11371 67879 54791 12133 I 16 8 5 3 26 I 147091 503796 39238 6310 33846 I 





Stock Count, Feed Sources, and Net Variable Cash 
Ranch Income Tables for Cattle Options 
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Table bl. Stock count chart 
Month Horses Bulls 
( 1. 5 AU) ( 1. 36 AU) 
JANUARY 5 8 
FEBRUARY 5 8 
MARCH 5 8 
APRIL 5 8 
MAY 5 8 
JUNE 5 8 
JULY 5 8 
AUGUST 5 8 
SEPTEMBER 5 8 
OCTOBER 5 8 
NOVEMBER 5 8 
DECEMBER 5 8 
for a cow-calf operation selling 
Cows Replacements 






























































sources (AUMs) for a cow-calf operation selling all excess calves. 
USFS BLM State Desert Native cw Low After Rsd Grain Total 
Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
101 1 1 125 5 233 
101 1 1 125 5 233 
101 1 1 125 5 233 
101 1 136 238 
238 238 
103 1 60 74 238 
104 1 51 238 
104 1 90 31 309 
104 1 90 31 309 
101 1 77 130 309 
101 1 126 5 233 
101 1 47 79 5 233 
415 707 11 3 180 298 264 303 590 25 3044 
415 707 11 3 180 298 264 303 1077 346 3852 





Table b3 . Net variable cash ranch income for a cow-calf 
operation selling all excess calves (196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 8,747 
3 cull bulls (1500#@ $61.41/cwtb) 2,763 
44 hfr calves (425#@ $87.74/cwtc) 16,407 
75 str calves (437#@ $97.33/cwtc) 31,900 
4 open hfrs (700#@ $76.85/cwtc) 2,152 
Feedd: 
alfalfa hay (187 ton@ $80.00/ton) 
barley (2060 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 
Annual variable cash costs 
Net variable cash ranch income 
a Death loss removed (3.92% for cows). 
b Prices from Table 8. 








d Prices from Utah Department of Agriculture (1991). 
Table b4. Stock 
as yearlings. 
Month Horses 













count chart for a cow-calf operation retaining all calves to be sold 
Total 
Bulls Cows Replacements Calves Required 
(1.36 AU) ( 1. 0 AU) (0.77 AU) (0.47-0.61 AU) AUMs 
8 196 150 306 
8 196 150 306 
8 196 150 306 
8 196 31 born 238 
8 196 31 238 
8 196 31 238 
8 196 31 238 
8 196 31 150 309 
8 196 31 150 309 
8 196 31 150 309 
8 196 150 306 




Table b5. Feed sources (AUMs) for a cow-calf operation retaining all calves to be sold 
as yearlings. 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
JANUARY 101 1 1 173 30 306 
FEBRUARY 101 1 1 173 30 306 
MARCH 101 1 1 173 30 306 
APRIL 101 1 136 238 
MAY 238 238 
JUNE 103 1 60 74 238 
JULY 82 104 1 51 238 
AUGUST 83 104 1 90 31 309 
SEPTEMBER 83 104 1 90 31 309 
OCTOBER 101 1 77 130 309 
NOVEMBER 101 1 173 1 30 306 
DECEMBER 101 1 174 30 306 
Total 248 415 707 11 3 180 298 264 303 830 150 3409 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 
Remaining 0 0 0 0 0 0 0 0 0 247 196 443 
Table b6. Net variable cash ranch income for a cow-calf 
operation retaining all calves to be sold as yearlings 
(196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 8,747 
3 cull bulls (1500#@ $61 . 41/cwtb) 2,763 
44 yrlg hfrsa (595#@ $75.64/cwtc) 19,803 
74 yrlg strsa (626#@ $82.71/cwtc) 38,315 






(95 ton@ $80.00/ton) 
bu@ $2.42/bu) 
bu@ $3.46/bu) 
Annual variable cash costs 








a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Prices from Table 8. 
c Prices from Table 10. 
d Price from Table 9. 
e Prices from Utah Department of Agriculture (1991). 
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Table b7. Stock count chart for a cow-calf operation retaining all steers to be sold 
as yearlings . 
Total 
Month Horses Bulls Cows Replacements Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0.77 AU) (0.47-0.61 AU) AUMs 
JANUARY 5 8 196 124 290 
FEBRUARY 5 8 196 124 290 
MARCH 5 8 196 124 290 
APRIL 5 8 196 31 born 238 
MAY 5 8 196 31 238 
JUNE 5 8 196 31 238 
JULY 5 8 196 31 238 
AUGUST 5 8 196 31 150 309 
SEPTEMBER 5 8 196 31 150 309 
OCTOBER 5 8 196 31 150 309 
NOVEMBER 5 8 196 124 290 
DECEMBER 5 8 196 124 290 



















sources (AUMs) for a cow-calf operation retaining all steers to be sold 
USFS BLM State Desert Native cw Low After Rsd Grain Total 
Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
101 1 1 162 25 290 
101 1 1 162 25 290 
101 1 1 162 25 290 
101 1 136 238 
238 238 
103 1 60 74 238 
104 1 51 238 
104 1 90 31 309 
104 1 90 31 309 
101 1 77 130 309 
101 1 163 25 290 
101 1 10 153 25 290 
415 707 11 3 180 298 264 303 775 125 3329 
415 707 11 3 180 298 264 303 1077 346 3852 




Table b9. Net variable cash ranch income for a cow-calf 
operation retaining all steers to be sold as yearlings 
(196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 
3 cull bulls (1500#@ $61.41/cwtb) 
26 hfr calves (425#@ $87.74/cwtc) 
18 yrlg hfrsa (595#@ $75.64/cwtd) 
74 yrlg strsa (626#@ $82.71/cwtd) 
4 open hfrs (700#@ $76.85/cwtc) 
Feede: 
alfalfa hay (116 ton@ $80.00/ton) 
barley (874 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 
Annual variable cash costs 














a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices from Utah Department of Agriculture (1991). 
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Table bl0. Stock count chart for a cow-calf operation purchasing steers to be sold as 
yearlings. 
Total 
Month Horses Bulls Cows Replacements Calves Required 
( 1. 5 AU} ( 1. 36 AU) ( 1. 0 AU) (0.77 AU} (0.47-0.61 AU) AUMs 
JANUARY 5 8 196 247 365 
FEBRUARY 5 8 196 247 365 
MARCH 5 8 196 247 365 
APRIL 5 8 196 31 born 238 
MAY 5 8 196 31 238 
JUNE 5 8 196 31 238 
JULY 5 8 196 31 238 
AUGUST 5 8 196 31 150 309 
SEPTEMBER 5 8 196 31 150 309 
OCTOBER 5 8 196 31 150 309 
NOVEMBER 5 8 196 247 365 
DECEMBER 5 8 196 247 365 
Table bll. Feed sources (AUMs) for a cow-calf operation purchasing steers to be sold 
as yearlings. 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med . math Hay /Supp Available 
JANUARY 101 1 1 222 40 365 
FEBRUARY 101 1 1 222 40 365 
MARCH 101 1 1 222 40 365 
APRIL 101 1 136 238 
MAY 238 238 
JUNE 103 1 60 74 238 
JULY 82 104 1 51 238 
AUGUST 83 104 1 90 31 309 
SEPTEMBER 83 104 1 90 31 309 
OCTOBER 101 1 77 130 309 
NOVEMBER 101 1 173 50 40 365 
DECEMBER 101 1 223 40 365 
Total 248 415 707 11 3 180 298 264 303 1075 200 3704 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 




Table b12. Net variable cash ranch income for a cow-calf 
operation purchasing st e ers to be sold as yearlings 
(196 brood cows), 1990 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 
3 cull bulls (1500#@ $61.41/cwtb) 
26 hfr calves (425#@ $87.74/cwtc) 
18 yrlg hfrsa (595#@ $75.64/cwtd) 
74 yrlg strsa (626#@ $82.71/cwtd) 
122 prch strsa (626#@ $82.71/cwtd) 
4 open hfrs (700#@ $76.85/cwtc) 
Feede: 
alfalfa hay (1 ton@ $80.00/ton) 
barley (0 bu@ $2.42/bu) 














Annual variable cash costs 
Typical Utah variable cash costs -54,791 
Steer purchase (123 head@ 437# 
@ $97.33/cwtc) -52,316 
Interest on Investment ($52,316 
@ 12% for 5mo.) - 2,616 
-109,723 
Net variable cash ranch income 27,674 
a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Prices from Table 8 . 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices from Utah Department of Agriculture (1991). 
Table b13. Stock count chart for a cow-calf operation purchasing terminal sired steers 
to be sold as yearlings. 
Total 
Month Horses Bulls Cows Replacements Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0.77 AU) (0.47-0.66a AU) AUMs 
JANUARY 5 8 196 228 365 
FEBRUARY 5 8 196 228 365 
MARCH 5 8 196 228 365 
APRIL 5 8 196 31 born 238 
MAY 5 8 196 31 238 
JUNE 5 8 196 31 238 
JULY 5 8 196 31 238 
AUGUST 5 8 196 31 150 309 
SEPTEMBER 5 8 196 31 150 309 
OCTOBER 5 8 196 31 150 309 
NOVEMBER 5 8 196 228 365 
DECEMBER 5 8 196 228 365 
a Animal unit equivalent for exotic steers is 0.66 ( ( ( 462 + 691)/2) 0 · 75 /(1000) 0 · 75 ). 
Table b14. Feed sources (AUMs) for a cow-calf operation purchasing terminal 
steers to be sold as yearlings. 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp 
JANUARY 101 1 1 222 40 
FEBRUARY 101 1 1 222 40 
MARCH 101 1 1 222 40 
APRIL 101 1 136 
MAY 238 
JUNE 103 1 60 74 
JULY 82 104 1 51 
AUGUST 83 104 1 90 31 
SEPTEMBER 83 104 1 90 31 
OCTOBER 101 1 77 130 
NOVEMBER 101 1 173 50 40 
DECEMBER 101 1 223 40 
Total 248 415 707 11 3 180 298 264 303 1075 200 
Available 248 415 707 11 3 180 298 264 303 1077 346 























Table bl5. Net variable cash ranch income for a cow-calf 
operation purchasing terminal sired steers to be sold as 
yearlings (196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 
3 cull bulls (1500#@ $61.41/cwtb) 
26 hfr calves (425#@ $87.74/cwtc) 
57 str calves (437#@ $97.33/cwtc) 
18 yrlg hfrsa (595#@ $75.64/cwtd) 
18 yrlg strsa (626#@ $82.71/cwtd) 
159 prch strsa (691#@ $82.71/cwtd) 
4 open hfrs (700#@ $76.85/cwtc) 
Feede: 
alfalfa hay (1 ton@ $80.00/ton) 
barley (O bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 












Typical Utah variable cash costs -54,791 
Steer purchase (161 head@ 462# 
@ $97.33/cwtc) -72,396 
Interest on Investment ($72,396 




Net variable cash ranch income 29,545 
a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices from Utah Department of Agriculture (1991). 
Table b16. Stock count chart for a cow-calf operation purchasing replacement heifers. 
Total 
Month Horses Bulls Cows Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0.47-0.61 AU) AUMs 
JANUARY 5 7 196 36 235 
FEBRUARY 5 7 196 36 235 
MARCH 5 7 196 36 235 
APRIL 5 7 196 born 213 
MAY 5 7 196 213 
JUNE 5 7 196 213 
JULY 5 7 196 213 
AUGUST 5 7 196 150 284 
SEPTEMBER 5 7 196 150 284 
OCTOBER 5 7 196 150 284 
NOVEMBER 5 7 196 36 235 
DECEMBER 5 7 196 36 235 
Table bl 7. Feed sources (AUMs) for a cow-calf operation purchasing replacement heifers. 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
JANUARY 101 1 1 122 10 235 
FEBRUARY 101 1 1 122 10 235 
MARCH 101 1 1 122 10 235 
APRIL 101 1 111 213 
MAY 213 213 
JUNE 103 1 85 24 213 
JULY 57 104 1 51 213 
AUGUST 57 104 1 90 32 284 
SEPTEMBER 57 104 1 90 32 284 
OCTOBER 101 1 125 57 284 
NOVEMBER 101 1 123 10 235 
DECEMBER 101 1 123 10 235 
Total 171 415 707 11 3 180 298 264 303 477 50 2879 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 
Remaining 77 0 0 0 0 0 0 0 0 600 296 973 
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Table bl8. Net variable cash ranch income for a cow-calf 
operation purchasing replacement heifers (196 brood cows), 
1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa 
2 cull bulls 
57 hfr calves 
57 str calves 
18 yrlg hfrsa 
18 yrlg strsa 
Feede: 
(982#@ $46.88/cwtb) 8,747 
(1500#@ $61.41/cwtb) 1,842 
( 4 2 5 # @ $ 8 7 . 7 4 / cwt c ) 21 , 2 5 5 
( 4 3 7 # @ $ 9 7 . 3 3 / cwt c ) 2 4 , 2 4 4 
(595#@ $75.64/cwtd) 8,101 
( 6 2 6 # @ $ 8 2 . 71 / cwt d ) 9 , 3 2 0 
alfalfa hay (231 ton@ $80.00/ton) 
barley (1763 bu@ $2.42/bu) 
18,480 
4,266 
4,377 wheat (1265 bu@ $3 . 46/bu) 
Total 
Annual variable cash costs 
Typical Utah variable cash costs -54,791 
Heifer purchase (27 head@ 
$631.13/headf) -17,041 
Decreased private lease cost 




Net variable cash ranch income 29,456 
a Death loss removed (3 . 92% for cows, 1.0% for stockers). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices from Utah Department of Agriculture (1991). 
f Prices indexed from Drovers Journal (1990). 
9 3 year average price from USDA/ERS (1991). 
Table b19. Stock count chart for a cow-calf operation keeping excess heifer calves and 
culling those that fail to settle after the breeding season . 
Total 
Month Horses Bulls Cows Replacements Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0.77 AU) (0.47-0.61 AU) AUMs 
JANUARY 5 9 196 93 272 
FEBRUARY 5 9 196 93 272 
MARCH 5 9 196 93 272 
APRIL 5 9 196 57 born 260 
MAY 5 9 196 57 260 
JUNE 5 9 196 57 260 
JULY 5 9 196 57 260 
AUGUST 5 9 196 57 150 330 
SEPTEMBER 5 9 196 57 150 330 
OCTOBER 5 9 196 57 150 330 
NOVEMBER 5 9 196 93 272 
DECEMBER 5 9 196 93 272 
Table b20. Feed sources (AUMs) for a cow-calf operation keeping excess heifer calves 
and culling those that fail to settle after the breeding season . 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
JANUARY 101 1 1 149 20 272 
FEBRUARY 101 1 1 149 20 272 
MARCH 101 1 1 149 20 272 
APRIL 101 1 158 260 
MAY 260 260 
JUNE 103 1 38 118 260 
JULY 82 104 1 73 260 
AUGUST 83 104 1 90 52 330 
SEPTEMBER 83 104 1 90 21 31 330 
OCTOBER 101 1 228 330 
NOVEMBER 101 1 44 106 20 272 
DECEMBER 101 1 150 20 272 
Total 248 415 707 11 3 180 298 264 303 861 100 3390 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 
Remaining 0 0 0 0 0 0 0 0 0 216 246 462 
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Table b21. Net variable cash ranch income for a cow-calf 
operation keeping excess heifer calves and culling those 
that fail to settle after the breeding season (196 brood 
cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982# @ $46.88/cwtb) 8,747 
3 cull bulls (1500#@ $61.41/cwtb) 2,763 
57 str calves (437#@ $97.33/cwtc) 24,244 
18 yrlg hfrsa (595#@ $75.64/cwtd) 8,101 
18 yrlg strsa (626#@ $82.71/cwtd) 9,320 
8 open hfrsa (700#@ $76.85/cwtc) 4,304 
21 pregnant hfrsa ($631.13/heade) 13,254 
Feedf: 
alfalfa hay (83 ton@ $80.00/ton) 
barley (1171 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 
Annual variable cash costs 








a Death loss removed (3.92% for cows, 1.0% for stockers, 2.34% 
for replacements). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Price from Table a9. 
f Prices from Utah Department of Agriculture (1991). 
Table b22. Stock count chart for a cow-calf operation early weaning calves from first 
calf heifers. 
Total 
Month Horses Bulls Cows Replacements Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0 . 77 AU) (0.47-0.61 AU) AUMs 
JANUARY 5 8 196 67 255 
FEBRUARY 5 8 196 67 255 
MARCH 5 8 196 67 255 
APRIL 5 8 196 31 born 238 
MAY 5 8 196 31 238 
JUNE 5 8 196 31 238 
JULY 5 8 196 31 238 
AUGUST 5 8 196 31 150 309 
SEPTEMBER 5 8 196 31 150 309 
OCTOBER 5 8 196 31 150 309 
NOVEMBER 5 8 196 67 255 
DECEMBER 5 8 196 67 255 
Table b23. Feed sources (AUMs) for a cow-calf operation early weaning calves from first 
calf heifers. 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med . math Hay /Supp Available 
JANUARY 101 1 1 137 15 255 
FEBRUARY 101 1 1 137 15 255 
MARCH 101 1 1 137 15 255 
APRIL 101 1 136 238 
MAY 238 238 
JUNE 103 1 60 74 238 
JULY 82 104 1 51 238 
AUGUST 83 104 1 90 15 10 6 309 
SEPTEMBER 83 104 1 90 15 10 6 309 
OCTOBER 101 1 109 82 10 6 309 
NOVEMBER 101 1 128 10 15 255 
DECEMBER 101 1 93 45 15 255 
Total 248 415 707 11 3 180 298 264 303 632 93 3154 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 
Remaining 0 0 0 0 0 0 0 0 0 445 253 698 
Table b24. Net variable cash ranch income for a cow-calf 
operation early weaning calves from first calf heifers 
(196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 
3 cull bulls (1500#@ $61.41/cwtb) 
14 hfr calves (425#@ $87.74/cwtc) 
12 hfr calves (453#@ $87.74/cwtc) 
44 str calves (437#@ $97.33/cwtc) 
13 str calves (465#@ $97.33/cwtc) 
18 yrlg hfrsa (595#@ $75.64/cwtd) 
18 yrlg strsa (626#@ $82.71/cwtd) 
4 open hfrs (700#@ $76.85/cwtc) 
Feede: 
alfalfa hay (171 ton@ $80.00/ton) 
barley (1254 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 
Annual variable cash costs 

















a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices from Utah Department of Agriculture (1991). 
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Table b25. Stock count chart for a cow-calf operation keeping replacement heifers to 
calve at three years old instead of two . 
Two year old Yearling Total 
Month Horses Bulls Cows Replacements Replacements Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) ( 0 . 89 AUa) (0.77 AU) (0.47-0.61 AU) AUMs 
JANUARY 5 8 196 31 67 279 
FEBRUARY 5 8 196 31 67 279 
MARCH 5 8 196 31 67 279 
APRIL 5 8 196 31 31 born 266 
MAY 5 8 196 31 31 266 
JUNE 5 8 196 31 31 266 
JULY 5 8 196 31 31 266 
AUGUST 5 8 196 31 31 150 336 
SEPTEMBER 5 8 196 31 31 150 336 
OCTOBER 5 8 196 31 31 150 336 
NOVEMBER 5 8 196 31 67 279 
DECEMBER 5 8 196 31 67 279 



















Feed sources (AUMs) for a cow - calf operation keeping replacement heifers to 
three years old instead of two. 
Pvt USFS BLM State Desert Nat i ve CW Low After Rsd Grain Total 
Lease Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
101 1 1 161 15 279 
101 1 1 161 15 279 
101 1 1 161 15 279 
101 1 164 266 
266 266 
103 1 32 130 266 
82 104 1 79 266 
83 104 1 93 55 336 
83 104 1 87 61 336 
101 1 234 336 
101 1 8 154 15 279 
101 1 162 15 279 
248 415 707 11 3 180 298 264 303 963 75 3467 
248 415 707 11 3 180 298 264 303 1077 346 3852 





Table b27. Net variable cash ranch income for a cow-calf 
operation keeping replacement heifers to calves at three 
years old instead of two (196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 
3 cull bulls (1500#@ $61.41/cwtb) 
26 hfr calves (425#@ $87.74/cwtc) 
57 str calves (437#@ $97.33/cwtc) 
18 yrlg hfrsa (595#@ $75.64/cwtd) 
18 yrlg strsa (626#@ $82.71/cwtd) 
3 open hfrsa (900#@ $64.50/cwte) 
Feedf: 
alfalfa hay (44 ton@ $80.00/ton) 
barley (1467 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 
Annual variable cash costs 















a Death loss removed (3.92% for cows, 1.0% for stockers, 2.34% 
for replacements). 
b Price from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices indexed from Drovers Journal (1990). 
f Prices from Utah Department of Agriculture (1991). 
Table b28. Stock count chart for a cow-calf operation using the O'Connor Management 
System. 
Total 
Month Horses Bulls Cows Replacements Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0.77 AU) (0.47-0 . 61 AU) AUMs 
JANUARY 5 8 196 74 
FEBRUARY 5 8 196 74 
MARCH 5 8 196 74 
APRIL 5 8 196 31 born 
MAY 5 8 196 31 
JUNE 5 8 196 31 
JULY 5 8 196 31 
AUGUST 5 8 196 31 178b 
SEPTEMBER 5 8 196 31 178 
OCTOBER 5 8 196 31 178 
NOVEMBER 5 8 196 74 
DECEMBER 5 8 196 74 
a An extra 10 lbs./day of grain added to cows diet for flushing (5 weeks). 
















Table b29. Feed sources (AUMs) for a cow-calf operation using the 
System. 
Pvt USFS BLM State Desert Native cw Low After 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math 
JANUARY 101 1 1 
FEBRUARY 101 1 1 
MARCH 101 1 1 
APRIL 101 1 
MAY 238 
JUNE 103 1 60 74 
JULY 82 104 1 51 
AUGUST 83 104 1 90 44 
SEPTEMBER 83 104 1 90 44 
OCTOBER 101 1 51 169 
NOVEMBER 101 1 134 
DECEMBER 101 1 
Total 248 415 707 11 3 180 298 264 303 
Available 248 415 707 11 3 180 298 264 303 
Remaining 0 0 0 0 0 0 0 0 0 
O'Connor Management 
Rsd Grain Total 
Hay /Supp Available 
142 15 260 
142 15 260 








9 15 260 
143 15 260 
714 195 3338 
1077 346 3852 





Table b30. Net variable cash ranch income for a cow-calf 
operation using the O'Connor Management System (196 brood 
cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 8,747 
3 cull bulls (1500#@ $61.41/cwtb) 2,763 
37 hfr calves (465#c@ $87. 74 / cwtd) 15,096 
67 str calves (477#c@ $97. 33/cwtd) 31,106 
22 yrlg hfrsa (635#@ $75.64/cwte) 10,567 
21 yrlg strsa (666#@ $82.71/cwte) 11,568 
4 open hfrs (700#@ $76.85/cwtd) 2,152 
Feedf: 
alfalfa hay (140 ton@ $80 . 00/ton) 
barley (45 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 




Typical Utah variable cash costs -54,791 




Net variable cash ranch income 42,644 
a Death loss removed (3.92% for cows, 1 . 0% for stockers). 
b Prices from Table 8. 
c 40 pounds added for 24 extra growing days. 
d Prices from Table 9. 
e Prices from Table 10. 
f Prices from Utah Department of Agriculture (1991). 
9 Price from Anderson et al. (1986). 
Table b31. Stock count chart 
Month Horses Bulls 
( 1. 5 AU) ( 1. 36 AU) 
JANUARY 5 8 
FEBRUARY 5 8 
MARCH 5 8 
APRIL 5 8 
MAY 5 8 
JUNE 5 8 
JULY 5 8 
AUGUST 5 8 
SEPTEMBER 5 8 
OCTOBER 5 8 
NOVEMBER 5 8 
DECEMBER 5 8 
for a cow-calf operation early 
Cows Replacements 












































Table b32. Feed sources (AUMs) for a cow-calf operation early weaning all calves. 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med . math Hay /Supp Availabl 
JANUARY 101 1 1 137 15 255 
FEBRUARY 101 1 1 137 15 255 
MARCH 101 1 1 137 15 255 
APRIL 101 1 136 238 
MAY 238 238 
JUNE 103 1 60 74 238 
JULY 104 1 133 238 
AUGUST 104 1 90 18 60 36 309 
SEPTEMBER 104 1 90 18 60 36 309 
OCTOBER 101 1 21 90 60 36 309 
NOVEMBER 101 1 123 15 15 255 
DECEMBER 101 1 90 48 15 255 
Total 0 415 707 11 3 180 298 264 303 790 183 3154 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 
Remaining 248 0 0 0 0 0 0 0 0 287 163 698 
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Table b33. Net variable cash ranch income for a cow-calf 
operation early weaning all calves (196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 8,747 
3 cull bulls (1500#@ $61.41/cwtb) 2,763 
26 hfr calves (453#@ $87.74/cwtc) 10,334 
57 str calves (465#@ $97.33/cwtc) 25,797 
18 yrlg hfrsa (623#@ $75.64/cwtd) 8,482 
18 yrlg strsa (654#@ $82.71/cwtd) 9,737 






(110 ton@ $80.00/ton) 
bu@ $2.42/bu) 
bu@ $3.46/bu) 




Typical Utah variable cash costs -54,791 
Decreased private lease cost 




Net variable cash ranch income 28,964 
a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10 . 
e Prices from Utah Department of Agriculture (1991). 
Table b34. Stock count chart for a cow-calf 
Month Horses Bulls Cows 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) 
JANUARY 5 196 
FEBRUARY 5 196 
MARCH 5 196 
APRIL 5 196 
MAY 5 8 196 
JUNE 5 8 196 
JULY 5 8 196 
AUGUST 5 8 196 
SEPTEMBER 5 8 196 
OCTOBER 5 196 
NOVEMBER 5 196 
DECEMBER 5 196 
operation renting all breeding 
Replacements Calves 
































Table b35. Feed sources (AUMs) for a cow-calf operation renting 
Pvt USFS BLM State Desert Native cw Low After 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math 
JANUARY 101 1 1 
FEBRUARY 101 1 1 
MARCH 101 1 1 
APRIL 101 1 
MAY 238 
JUNE 103 1 60 74 
JULY 82 104 1 51 
AUGUST 83 104 1 90 31 
SEPTEMBER 83 104 1 90 31 
OCTOBER 101 1 77 119 
NOVEMBER 101 1 127 
DECEMBER 101 1 57 
Total 248 415 707 11 3 180 298 264 303 
Available 248 415 707 11 3 180 298 264 303 
Remaining 0 0 0 0 0 0 0 0 0 
all breeding bulls. 
Rsd Grain Total 
Hay /Supp Availabl 
126 15 244 
126 15 244 









70 15 244 
573 75 3077 
1077 346 3852 





Table b36. Net variable cash ranch income for a cow-calf 
operation renting all breeding bulls (196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 
26 hfr calves (425#@ $87.74/cwtc) 
57 str calves (437#@ $97.33/cwtc) 
18 yrlg hfrsa (595#@ $75.64/cwtd) 
18 yrlg strsa (626#@ $82.71/cwtd) 
4 open hfrs (700#@ $76.85/cwtc) 
Feede : 
alfalfa hay (194 ton@ $80.00/ton) 
barley (1467 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 
Annual variable cash costs 
Typical Utah variable cash costs 
Bull rent (8 head@ $373.90f) 
Decreased bull purchase cost 

















a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Price from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices from Utah Department of Agriculture (1991). 
f One heifer (425#@ $87.74). 
Table b37. Stock count chart for a cow-calf operation breeding terminal cross sires to 
60 percent of the herd. 
Total 
Month Horses Bulls Cows Replacements Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0.77 AU) (0.47-0.61 AU) AUMs 
JANUARY 5 8 196 67 255 
FEBRUARY 5 8 196 67 255 
MARCH 5 8 196 67 255 
APRIL 5 8 196 31 born 238 
MAY 5 8 196 31 238 
JUNE 5 8 196 31 238 
JULY 5 8 196 31 238 
AUGUST 5 8 196 31 150 309 
SEPTEMBER 5 8 196 31 150 309 
OCTOBER 5 8 196 31 150 309 
NOVEMBER 5 8 196 67 255 
DECEMBER 5 8 196 67 255 
Table b38. Feed sources (AUMs) for a cow-calf operation breeding terminal cross sires 
to 60 percent of the herd . 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
JANUARY 101 1 1 137 15 255 
FEBRUARY 101 1 1 137 15 255 
MARCH 101 1 1 137 15 255 
APRIL 101 1 136 238 
MAY 238 238 
JUNE 103 1 60 74 238 
JULY 82 104 1 51 238 
AUGUST 83 104 1 90 31 309 
SEPTEMBER 83 104 1 90 31 309 
OCTOBER 101 1 77 130 309 
NOVEMBER 101 1 138 15 255 
DECEMBER 101 1 35 103 15 255 
Total 248 415 707 11 3 180 298 264 303 650 75 3154 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 
Remaining 0 0 0 0 0 0 0 0 0 427 271 698 
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Table b39. Net variable cash ranch income for a cow-calf 
operation breeding terminal cross sires to 60 percent of 
the herd (196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa (982#@ $46.88/cwtb) 8,747 
3 cull bulls (1500#@ $61.41/cwtb) 2,763 
26 hfr calves (450#@ $87.74/cwtc) 10,266 
31 str calves (437#@ $97.33/cwtc) 13,185 
26 str calves (462#@ $97.33/cwtc) 11,691 
18 yrlg hfrsa (660#@ $75.64/cwtd) 8,986 
18 yrlg strsa (691#@ $82.71/cwtd) 10,287 
4 open hfrs (700#@ $76.85/cwtc) 2,152 
Feede: 
alfalfa hay (164 ton@ $80.00/ton) 
barley (1467 bu@ $2.42/bu) 
wheat (1265 bu@ $3.46/bu) 
Total 




Typical Utah variable cash costs -54,791 





Net variable cash ranch income 33,514 
a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices from Utah Department of Agriculture (1991). 
Table b40. Stock count chart for a cow-calf operation purchasing replacement heifers 
and breeding terminal cross sires. 
Total 
Month Horses Bulls Cows Calves Required 
( 1. 5 AU) ( 1. 36 AU) ( 1. 0 AU) (0.55-0.65a AU) AUMs 
JANUARY 5 7 196 36 236 
FEBRUARY 5 7 196 36 236 
MARCH 5 7 196 36 236 
APRIL 5 7 196 born 213 
MAY 5 7 196 213 
JUNE 5 7 196 213 
JULY 5 7 196 213 
AUGUST 5 7 196 150 296 
SEPTEMBER 5 7 196 150 296 
OCTOBER 5 7 196 150 296 
NOVEMBER 5 7 196 36 236 
DECEMBER 5 7 196 36 236 
a Animal unit equivalent for exotic steers is 0.55 (((456 + 675.5)/2) 0 · 75 /(1000) 0 · 75 ) 
and O . 6 5 ( ( ( 4 6 2 + 6 91 ) / 2 ) 0 · 7 5 / ( 1 o o o ) 0 · 7 5 ) • 
Table b41. Feed sources (AUMs) for a cow-calf operation purchasing replacement heifers 
and breeding terminal cross sires. 
Pvt USFS BLM State Desert Native cw Low After Rsd Grain Total 
Month Lease Lease Lease Lease Range Fhill Fhill Med. math Hay /Supp Available 
JANUARY 101 1 1 118 15 236 
FEBRUARY 101 1 1 118 15 236 
MARCH 101 1 1 118 15 236 
APRIL 101 1 111 213 
MAY 213 213 
JUNE 103 1 85 24 213 
JULY 57 104 1 51 213 
AUGUST 57 104 1 90 44 296 
SEPTEMBER 57 104 1 90 44 296 
OCTOBER 101 1 101 93 296 
NOVEMBER 101 1 119 15 236 
DECEMBER 101 1 91 28 15 236 
Total 171 415 707 11 3 180 298 264 303 493 75 2920 
Available 248 415 707 11 3 180 298 264 303 1077 346 3852 
Remaining 77 0 0 0 0 0 0 0 0 584 271 932 
Table b42. Net variable cash ranch income for a cow-calf 
operation purchasing replacement heifers and breeding 
terminal cross sires (196 brood cows), 1990. 
Item 
Annual cash returns 
Livestock: 
19 cull cowsa 
2 cull bulls 
57 hfr calves 
57 str calves 
18 yrlg hfrsa 
18 yrlg strsa 
Feede: 
(982#@ $46.88/cwtb) 8,747 
(1500#@ $61.41/cwtb) 1,842 
( 4 5 O # @ $ 8 7 . 7 4 / cwt c ) 2 2 , 5 O 5 
( 4 6 2 # @ $ 9 7 . 3 3 / cwt c ) 2 5 , 6 31 
(660#@ $75.64/cwtd) 8,986 
( 6 91 # @ $ 8 2 . 7 1 / cwt d ) 1 O , 2 8 7 
alfalfa hay (225 ton@ $80.00/ton) 
barley (1467 bu@ $2.42/bu) 
18,000 
3,550 
4,377 wheat (1265 bu@ $3.46/bu) 
Total 
Annual variable cash costs 
Typical Utah variable cash costs -54,791 
Heifer purchase (27 head@ 
$631.13/headf) -17,041 
Increased bull expense ($4,500 
-$3,190) - 1,310 
Decreased private lease cost 





Net variable cash ranch income 31,439 
a Death loss removed (3.92% for cows, 1.0% for stockers). 
b Prices from Table 8. 
c Prices from Table 9. 
d Prices from Table 10. 
e Prices from Utah Department of Agriculture (1991). 
f Prices indexed from Drovers Journal (1990). 
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Appendix C 
Linear Programming Matrices 
TUCC TUCCSEF SELLEXWC RETAINWC RETAINST PURCHST PURCHTST PURCHREP EXCESREP EWFCH THREEREP OMS EW RENTS TERMS 
MAX 84.4 159.58 160.71 154.92 156.91 141.19 150.74 150.29 152.01 163. 13 108.51 217.57 147.78 158. 74 170.99 
LABOR 27.59 27.59 27.59 29.32 29.32 32. 77 32.77 27.59 27.59 27.59 28.45 28.45 28.45 26. 73 27.59 
LIVE INV 854.44 854.44 838.86 888.92 878.68 878.68 854.44 810.8 891.41 857.76 923.53 941.06 869.69 816.84 870.03 
STC 279.55 279.55 279.55 279.55 279.55 559.81 667.38 363. 14 279. 55 279.55 279.55 280.82 268.77 278.53 283.72 
JAN 1.301 1.301 1.1888 1. 5612 1.4796 1.8622 1.8622 1.199 1.3878 1.301 1.4235 1.3265 1.301 1.2449 1.301 
FEB 1.301 1.301 1.1888 1.5612 1.4796 1.8622 1.8622 1.199 1.3878 1.301 1.4235 1.3265 1.301 1. 2449 1.301 
MAR 1.301 1.301 1. 1888 1.5612 1.4796 1.8622 1.8622 1 .199 1.3878 1.301 1.4235 1.3265 1.301 1.2449 1 .301 
APR 1.2143 1.2143 1.2143 1. 2143 1.2143 1.2 43 1. 2143 1 .0867 1.3265 1.2143 1.3571 1. 2143 1.2143 1.1582 1.2143 
MAY 1.2143 1.2143 1.2143 1. 2143 1.2143 1.2 43 1.2143 1 .0867 1.3265 1. 2143 1.3571 1.2143 1 .2143 1.2143 1.2143 
JUN 1.2143 1.2143 1 .2143 1.2143 1.2143 1.2143 1.2143 1. 0867 1.3265 1.2143 1. 3571 1.7398 1.2143 1.2143 1.2143 
JUL 1.2143 1.2143 1. 2143 1.2143 1.2143 1.2143 1.2143 1.0867 1.3265 1.2143 1.3571 1.301 1.2143 1.2143 1.2143 
AUG 1. 5765 1. 5765 1.5765 1.5765 1. 5765 1. 5765 1. 5765 1 .449 1.6837 1.5765 1. 7143 1.6429 1. 5765 1. 5765 1. 5765 
SEP 1.5765 1. 5765 1.5765 1.5765 1. 5765 1.5765 1 .5765 1.449 1.6837 1. 5765 1. 7143 1.6429 1.5765 1. 5765 1. 5765 
OCT 1.5765 1. 5765 1.5765 1.5765 1. 5765 1.5765 1.5765 1.449 1.6837 1. 5765 1. 7143 1.6429 1. 5765 1.5204 1.5765 
NOV 1.301 1.301 1. 1888 1.5612 1.4796 1.8622 1.8622 1.199 1.3878 1.301 1.4235 1.3265 1.301 1.2449 1.301 











TERMBPR SREVEGUA SREVEGUM SREVEGUJ SREVEGUSA REVEGUSM REVEGUSJ PREVEGUA PREVEGUM PREVEGUJ PREVEGUSA PREVEGUSM PREVEGUSJ BSBAPRIL BSBMAY 




















-1 . 76 
7.27 7.27 7.27 14.31 
-1.66 - 1. 76 
-1.66 
-1.66 
14.31 14.31 14.31 14.31 14.31 2. 75 2. 75 
-1.66 -1. 21 
-1. 76 -1.66 -1. 21 
-1. 76 -1.66 
BSBJUNE BSTAPRIL BSTMAY BSTJUNE PJBAPRIL PJBMAY PJBJUNE PJPAPRIL PJPMAY 
-2.75 -4.38 -4.38 -4.38 -3.8 -3.8 -3.8 -4.85 ·4.85 
2.75 4.38 4.38 4.38 3.8 3.8 3.8 4.85 4.85 
-1.21 -0.85 -0.85 
-1.21 -0.85 -0 .85 
-1 . 21 -1.21 -0.85 
PJPJUNE PONDJUNE PONDJULY PONDAUG PONDSEPT SPRGJUNE SPRGJULY 
-4.85 -220.31 -220.31 -220.31 -220.31 -450.35 -450.35 
4.85 220. 31 220.31 220.31 220.31 450.35 450.35 




SPRGAUG SPRGSEPT SALTJUNE SALTJULY SALTAUG SALTSEPT BUNCH CHG 
-450.35 -450.35 -70 -70 -70 -70 2814 3813 
450.35 450.35 70 70 70 70 -2814 -3813 
-33. 75 
-33.75 
-120 -33. 75 
-120 -33.75 
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